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Oh the beds coktaikiho Silicified Wood in Eastebn Pbome^ Bbitish Bdbmih, by 
Wif. Theobald, Junb., Esq., Geological Survey of India. 

No fact relating to the geology of Pegu is bettor known than the abundance of silicified 
wood occurring in the valley of the Irawadi, but as no defied account has hitherto been 
published of the beds from which this fossil woo^ has been derived, it is my intention in the 
present notice to give such a sketch of them as will show their most salient points of interest 
and facilitate the recognition of the ^oup elsewhere, where its occurrence might from its 
mineral character be overlooked and its beds confounded with other and more recent deposits. 
At the same time 1 shall, as much as possible, restrict myself to the area of Eastern Prome 
and to the fossil-wood group proper, only incidentally alluding to the great series of beds 
with which it is intimately connected, and on which it res^, as each group has a marked 
fiwies of its own, is genermly, as a rule, easily recognizable and chara^rised by entirely 
different organic remains, though the balance of evidence as yet tends to prove a pas^e 
from one to the other and an undisturbed sequence in the beds composui^ them. The 
fossil-wood group, too, is the smaller and, as regards its organic remains, the simpler of the 
two, and can therefore be treated by itself more conveniently than in connexion with the 
lower, fi'om which the organic remains require much additional study and comparison with 
living species, for which very imperfect facilities at present exist. 

The most familiar form in which fossil-wood occurs in the Irawadi valley is that of well 
rolled and polished pieces of from one to six inches in length, distributed through the coarae 
shingle which undenies the ordinary alluvial day of the province and is freely eiroosed in the 
bed of the Irawadi at a variety or places, as, for instance, under the station of Thaiet-mio 
and on the opposite bank under the deserted fort of Miadd. Opposite Prome also a 
great thickness of this gravel, less coarse than at Miadd, but equally well supplied with well 
worn and rounded fragments of fossil-wood, occurs, fully 80 feet thick, and rising to a height 
of about 60 feet above the present flood-level of the Irawadi.* 

^sides the ordinarily sized pebbles of fossil-wood, there occur in the gravels towards the 
frontier, as close to Thaiet-mio, for instance, well rounded logs of silicifira wood, some two 
or three feet or more in length. These, of course, have never travelled very flir from their 
primal site, and we accordingly find the parent beds of this quasi-ubiquitous fossil-wood 
in force but a very few miles from the river, whflst irrefragible evidence presente ite^ of the 
former extension of these ^ds over a much larger area than now occupied by them even as 
far south m Rangoon in the chips of logs of fossil-wood of a size too great for distant 
transport, either resting on some lower member of 4he mup, or encased in more recent 
deposits, the detritus of the beds which originally envcl^d them, and with no greater 
change of position than that wrought by the mere action of gravity during the long process 
of denudation going on around them. 

It is not ^y very precisely to describe the distribution of this group without reference 
to a map, but in Eastern Prome the area it occupies may be taken at something less than 

* The coarse character of this gravel or shingle, the well rounded and jpoHshed condition of Its ingredientSL 
consisting of the hardest tilicions rock, and the somewhat mixed size of the pebbles, seem to me greatlj la 
favor of the marine origin of tbia gravel at a period antecedent to the formation of the preamit river vulej, whoa 
the aea was wearing awaj the shaly rising beds I am now about to describe, tbough I cannot sd much as goesa at 
the sonree of those silicions rocks of which most of the pebbles consist, so different are they fkom anything now fcnind 
in the neighbourhood, or I might say province. 


80 


[vOL. II. 


Records of the Geological Survey of India, 

. 70D sdtiave miles, of which not more than a bare fifth or sixth is covered by the highest sandy 
bed with which the fossil trees are associated, and which from its incoherent character hiM 
everywhere suffered to the greatest extent from the action of denudation. There can be no 
doubt that the entire group formerly extended as an uninterrupted d^osit far below the 
latitude of Rangoon, though the highest member of the mroup with its associated fossil- 
trunks does not extend down now in force nearer than 130 mileB or thereabouts to that town, 
or not south of the Toun^yo nulla. The exact termination to the south, however, of this 
fossil-wood bed is rendered very obscure, by ite merging, so to speak, in the debris which 
has resulted from the waste of the group, and beneath which it sinks and is lost sight of. 
That it formerly extended much further south is rendered certain (and perhaps the occur- 
rence, in situ, of patches beneath the newer accumulations at the present time is also indicated) 
by the occurrence of large pieces scattered about within the area of the detrital beds above 
mentioned, of a size such as to preclude the idea of transport from a distance ; as, for instance, 
between the Okhan and Thonsay streams, where a log of not less than four feet in length is 
embedded in a mass of confused detritus fully 65 miles south of the spot 1 have assumed as 
the southerly limit of the groi^ containing the fossil wo^ in situ. Smaller pieces of fossj! 
wood are found much nearer Rangoon and in cuttings in the neighbourhoc^. These pieces 
on my first visit to Rangoon, and before I entertained any suspicion of the connexion of 
the beds at Rangoon and those containing the silicified wood, 1 fl^as indined to regard 
as brought to the spot by human agency, as the Burmese are fond of surrounding their reli- 
gious buildings with posts of this wood ‘^Engin chouk,"' but I am now convinced that 
such is net tne case, but that the pieces in question are derived either from the wasted 
and missing upper beds or from the lower ones of the group still remaining, which, as 
I shall show, contain the same fossil-wood, though sparingly and never in the same sized 
pieces as the upper or emphatically the fossil- wood bed of the. province. Thus the fossil- 
wood in the Frome district occurs in two distinct formations and under veiy different 
conditions, viz,, in the form of entire trunks in situ or fragmentary pieces, but little rolled, 
and in well worn or polished pieces, some of large size, but more frequently as pebbles, which 
form a conspicuous ingredient in the recent gravels. 

^ Below I give, in descending order, a teble of the main divisions into which the miocene 
beds east of the Irawadi may be divided, the upper three of which constitute the fossil- 
wood group of which I am now treating : — 

Miocbke. 

(Dencendntg). 

Fossil-wood group, 

fy.— Sand— in parts gravelly and conglomeratic— characterised by the profusion of 
concretions of peroxide of iron associated with it; fossils, tninks of silicified 
exogenous wood and locally mammalian bones. In the subordinate beds of 
conglomerate, rolled fragments of wood as above, silicified, (that is, mineralized 
subsequently to their entombment), mammalian and reptilian bones and teeth 
of cartilaginous fish. 

Fine silty clay with a few small pebbles mixed with sand in strings here and there 
the whole very fine and homogeneous and devoid of fossils. 

(c ), — mixed assemblage of shales, sand, and conglomerates, the last ver}*^ subordinate, 
partaking much of the characters of beds a — h ; a little of the concrettoppy 
peroxide of iron. Fossils, rolled wood silicified; mammalian and r^tijlan 
bones and cartilaginous fish teeth. Towards the base, the beds contain marine 
shells, and pass into those of the next group. 

Pegu Group. 

— An enormous succession of sandstones and shales of unknown thickness and not 
usually foBsiliferbus. Particular beds, however, contain fossils in profusion : 

{e, g,, d -\, — Hard sandstone with corals (Cladocera). 

<2-2.— Blue Kama clay, highly fossiliferous. 

d-%,-^Cgiherea Promensis bed or Prome sandstone, 

andg^umerons others which cannot be specified till their fossil 
contents have been more especially examined). 
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This bed which we may fairly suppose to have been once co-es^nsiye with the rest 
of the group is now ^eatly diminished in area by denudation, which its mineral character 
even more perhaps tnan its ^position at the top of the same has tended to encourage, so that 
even within the area where it is at present best preserved it by no means constitutes the 
entire surface, being everywhere deeply scesred through to the underlying beds below. The 
surface is everywhere protected by a gravelly layer composed of small quartz pebbles and 
ferruginous concretions derived from pebbly strings and irregular courses of conglomerate 
dispersed through tiie sand, which readily washing away leaves the residual layer in 
question at top ; to the protection afforded by which against further waste, the existence 
of what still remains of this incoherent bea is largely due. This surface layer is of 
variable thickness, its devebpment being, to some extent, a measure of the denudation 
this group has undergone. On the simace and impacted in it at different depths whero 
it is very thi(^ lie logs of silicified wood of all sizes from a foot or so to trunks of and 
50 feet, not entire, but jointed up into pieces of various lengths through spontaneous fracture, 
probably brought about by their own weight, and irregular subsidence during the removal 
of the tnable matrix wherein they were originally encased. Though, as a rule, these large 
logs occur as described in a gravelly debris, they sometimes occur relatively to the incoherent 
sand so as to leave no doubt of its being the bed wherein^ they were originally deposited, 
and on which they may be sometimes seen apparently in situ, as between Thanat-ua and 
Ki ungee, and not only in this bed but in the beds ^neath it, the same fossil-wood occurs, 
though in smaller pieces, and much less abundantly. The larger logs are quite unrolled, 
but the smaller pieces are often rounded by transport, though never to the extent seen 
in the pieces of fossil-wood contained in the recent gravels. When this sand rises into 
hills, the sides are invariably steep, and not unfrequently scarped, exposing a clean vertical 
section of sand with its cr|||it of ^avel at top. This sand weathers into curious pinnacles 
wherever an isolated stone, shell, stick, leaf, or other foreign body has afforded shelter 
from the direct impact of rain, and the incoherent rock all round washing away eventually 
leaves the protecting substance perched on a slender pinnacle of sand, which recalls tho 
similar phenomenon of the “ ea^h-pillars of Botten” figured by Sir C. Lyell in the 10th 
Edition of his “ Principles.” 

In color this sand is greyish, very fine and uniform, and with only a certain admix- 
ture of impalpable argillaceous matter forming, where exposed to traffic, a fine dust, or, 
in the beds of streams where the argillaceous portion has been removed by water, a clean 
silver sand very fatiguing to travel over. Though the sand I am describing unquestion- 
ably contains silicified wood, yet it seems probable from the great abundance of large 
trees strewed over the surface, that they existed more plentifully in that topmost ^rtion 
which ^s almost disa^ared through denudation leaving only these bulky memorials behind 
it, than elsewhere. The structure of the wood has been to a considerable extent obliterated 
by decay before its mineralization was effected, and all that can be definitely said of it is 
that ^e wood is exogenous and not a conifer. 1 have remarked but one species in Prome, 
though tho Burmese, from trivial distinctions in color and weathering, affect to recognise the 
modem Exijin (Hopea suavaj and 'the Thiya (Shorea obittsaj, an idmtification of course quite 
illusory. This wood nowhere exhibits any traces'^f marine action as might have been 
anticipated had it floated about till water-logged in a brackish or purely sdt estuaiy, and 
hence it may be inferred with considerable probability that it floated about in a fresh- 
water sea, or chain of lakes fed by a slug^h stream, till it sank where it became 
ultimately silicified. It must at the same time be remembered that the wood found in beds 
containing marine fossils is also free &om rarforations, but these ^e small piecM, much 
rolled prmr to their entombment and mobably under conditions oh some sub-marine bank 
unfavorable to the presence of either JPholas or Teredo* In some pieces of fossil wood 
1 have noticed minute tubular cavities (perforations P) about *02 or less in diameter, which 
might have been produced by some insect whilst the trank was still standing, but such 
cases are rare. Associated with this sand, and forming sometimes irregular beds in it, or more 
firequently lenticular courses, now thidrening, now thmning out, occur some hard sandstones, 
sometimes very fine grained, at others a pebbly grit, or even coarse conglomerate. regular 
position in the sand can be assigned to these subordinate layers, but the fine hard sandstone 
often occupies a high position in the deposil^ whilst a coarse conglomerate is not un&equently 
met with towards its base. Both sa^stone and conglomerkte are usually ridil^ charged 
with shark’s teeth of smdl size (LamnaJ, the oon^omerate being usually osstferons as 




weQ^' ihotigli throughout the deposit the occurrence of bones is irregular, capricious, 
andkeal. 

A good section displaying the relation of these grit-courses to the less coherent rock 
around them, is seen in the hills about three miles east of Shuebandor, or about fifteen miles 
east of A16n-mio. The hills are here steeply out in the bed I am describing, the surface 
being covered with the usual gravel, wim abundance of siUcified wood and ferruginous 
concretions, the former completely bloddng many of the deep gullies cut on the hill side. 
Strewed about here may likewise be seen numerous lustrous fragments of iron slag, from 
the native furnaces once scattered over these hills. The sand here presents its usual incohe- 
rent, typical character, but a compact sandstone, passing into a coarse grit in patches, is 
somewhat' freely developed in irre^pilar lenticular courses in it. On the suiface of the inco- 
herent sand at this spot, and evidently weathered out of it, I picked up a fragment of the 
lower jaw of a deer, and from the immediate vicinity 1 collected mammalian bones, mostly 
ill preserved and fraraentary, shark vertebree and teeth, and chelonian plates (Cohssochehs 
ana two species of Mmys), In the great slabs of grit lying about amidst the debris of the 
wasting sand which enveloped them, shark’s teeth were plentiful, accompanying mammalian 
bones and firagments of wood, many of which had been perfectly rounded by attrition 
before they were embedded. These pieces of wood are, however, not common. Another 
locality where bones are still more abundant is one-half mile north-east of Talok, or fourteen 
miles north-east of Thaiet-mio on the east bank of a stream not marked on the map. Bones 
are here far from scarce, but ^ble and ill preserved, ^ey occur both in the mcoherent 
sand and also in the coarse grit and conglomerate associated with it, together with shark’s 
teeth and small pieces of wood.^ At this spot there is a good deal of coarse conglomerate, 
and in accordance with the indications afforded by these coarser beds we find the bones 
of a larger size, and many of these much rolled and abraded Aefore they were finally 
embedded. Here I got a fnq^ent of the lower jaw of an elephant, together with fragment- 
ary portions of the limb bones of that animal, all imperfect either from original violence or 
subsequent decay, the former cause certainly operating in some instances. 


I may here remark that the bones foimd in this group (within the area I am now concerned 
with) are not all in the same mineral condition. The majority are somewhat imperfectly mineral- 
ized and consequently decay very readily when bared to the atmosphere by the wasting of the 
surrounding rock, and this I am convinced^ is the reason of so few bones being found on 
the surface, even in spots where the rock is seen to contain them somewhat plentifully. 
A few fragments may here and there inmain, but most of the bones noticed by me were so 
tender, that it was clear that a short exposure to atmospheric action would reduce them to 
crumbling masses, which would break up and leave scarcely a trace behind them. A bone is, 
however, nere and there found in the water courses well mineralized and calculated to defy 
atmospheric action, but the scarcity of these fra^ents attests that such is not the usual 
condinon of bones in these beds. That these well mineralized bones are derived from tbe 


found also by me during a former season^ was in like manner an isolated example of well pre- 
served bone, though being found in a small stream its parent bed was not demonstrable. In 
Upper Burmah wril mineralized bones are probably more common to ju^e by those which have 
been at various times collected there, and the difference is merely the result of different con^- 


must have been at some period abundant is testified by the enormous amount of silidfied 
trunks everywhere met with, but the horizon of these is certainly higher than that at which 
the bones in question occur, and although small pieces of silidfied wood occur commingled 
with the bones, it does not therefore follow that the same abundant effusion of silica took 
|hiice at the time of their ^p^ition as subsequently occurred when whole forests were silici- 
and this I should be inclined to regard as the true enlanation of this condition of 
MNWfof the bones in this sand, efe., an insufihsient supply of silica in solution. 


t aimle* it is not, however, in tbs sand but in tbe coarser and more conglomeratic beds 
i bones seem mostly to occur, of which a good instance is seen ^dway between 
Omoukand liema, some Id-miles east-south-east from Thaiet-mio. Here a gieat bed of 
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conglomerate is seen dipping 30° south-east in which 1 noticed the tusk of a small elephant, 
but too friable to extracted from its hard matrix, together with other bones, all in a poor state, 
and more or less izgured by rolling about on a coarse shingle before their final consolidation. 

Next to the presence of silioified wood, a remarkable development of concretionary 
peroxide of iron seems to characterise the sand I am describing. The ore occurs occasionally 
as a thin band, up to perhaps a thickness of three inches, breaking un or jointing into 
rhomboidal concretionary masses of different sizes and shapes. More usually the ore occurs 
in the form of variously shaped concretionB from one to four inches in length, though occa- 
sionally even larger. These concretions are found in both the sand and conglomerate, to 
which last when numerously developed they impart a peculiar varnished look, which might 
sometimes be almost styled (but for the technicality of the term) visooRs or slaggy. The 
more usual shape of these concretions is flattish oval or amygdaloidal, but they occur spherical, 
cuboidal, cylindrical, with both flat and hemispherical ends, discoidal and any intermediate 
form, but always symmetrically proportioned, and the result of a Mgregative action or pro- 
cess in the clayey and ferruginous components of the bed when in a plastic condition. Of 
whatever shape however, their structure is extremely uniform, consisting of an external crust 
of concentric layers of brown hmmatite surrounding a kernel of pure white or yellowish 
clay, lying loose and shrunken in the interior. 

Externally these nodular concretions are roughened from the adhesion of the sand enve- 
loping them, but this rough crust scales off readily, leaving their surface perfectly smooth. 
Internally they often present a blistered appearance from the mammilla^ crystallization 
of Limonite which lines them, becoming on exposure to the atmosphere and rain lustrous and 
varnished. Where the bed has been of too harsh a character to permit the regular segre- 
gation of the ore, it is found lining sinuous cavities in the coarse matrix, leaving flat, 
approximating walls, evidently proceed by shrinka^, which gives such portions a very 
peculiar aspect and one which simulates a viscous condition. In some places even a botryoidal 
structure is induced where the rock is less coarse.* 

The thickness of this upper sand cannot be closely estimated, but 40 feet is probably 
more than the average thickness of what now remains of it. 

(h ), — ^Below the last described sand occurs a deposit of very uniform character composed 
of pale silty clay which passes upwards into the overlying sand. This silty clay is very 
fine, thin bedded and homogeneous, with merely a few strings of sand here and there, and 
an occasional small pebble in the sand. It is everywhere seen at the base of the last bed 
into which it seems to pass, thou|;h their respective characters constitute a good means of 
demarcation between them. It is entirely devoid, as far as observation goes, of organic 
remains. A good section of this silty clay is seen south of Thanat-ua, between Al&n-mio 
and Eiungald, but the bed presents no special point of interest. 

It is also largely exposed in section If miles east of Talok on ascending out of the 
stream (previously noticed as unmarked in the map), but it mere ly p resents the same uniform 
character and absence of fossils, which distinguish it elsewhere. Where the upper sands have 
been completely denuded so as to leave exposed a large area of this bed, an undulating country 
is the result, possessing a marked chariMster. The surfiice of the country does not there 
greatly differ in appearance from that seen within the area of the alluvium, and it would not 


* XTndflr the Burmese rale this ore was extensirdj smelted, but no ftimsoes ore now ainrwhere «t work in the 
district. Remains of fttmaoes which were merely reotsngnlar kilniL oat In the firm aUavlal olsj of some steep 
bank, which gave easy access at top for renlenlshiim ore and fhel, and below Ibr withdrawing the jnodacts, are 
nnmerons about Shuebandor, Klungald, and xebor, together with slag-heaps, sometimes of no inconsiderable 
dimensions. Thronghont the area of these upper sands, however, slog may be found here and there scattered about, 
as the iron-workers riilfted their scencr of operati<ms from spot to spot, wherever charcoal and ore was for the time 
most plentiful. The works must have In many oases been conducted in the diy season on(y, as the hearihs of some 
fOmaces still standing open into the beds of streams wltich duriim ndn would certainly have found an entrance 
to them. The blowing apparatus was probably the eifootive vwftcarcyitader bellows formed of 'large bamboos still 
In use in the district blacksmiths, but the oldest inhabitant could give me no partienlsrs of the monufocture, 
as none of the class of Iron-smeltera now remain in the district The introduction cif BngUsh irem and steel has 
doubtless been the main cause of the abolition of this branch of industry, aided by the harsh and i^Jarious qrsfom 
of the Burmese offlolalB daring the early stn^les with the British, but fn some places it was alleged that the iron- 
workers had lied the country to avoid being forcibly transported to€aieatta to make iron for the tenible foreigners. 
This may seem very absuid, bnt those inio know the ingrained ereduBly and ignorance of Asiatics will be Inellaed 
to give some weight to the reason stated, though it is probable that this foor, strongly as it may once have opeiatod, 
is no.longer felt, though the state of the market and the price of iron now roUng m Pegu prevents the resnseltatlon 
of the trade. 
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be em in a limited epaoe to difioriminate tbe clay in^ question from the ordinary aHuvial 
olay Of the valley. Where, however, freely exposed, it presents much the appearance of a 
*regTir/ save in color, which is a pale yellowish-gray, quite devoid of any tinge of red which 
the alluvial clay generally possesses, and equally so of the dusky carbonaceous hue of a 
regur. From some peculiarity in its composition or hygrometric qualities it in diy weather 
opens out in great cracks, and is always covered with a sparse crop of stunted grass in 
separate tufts, and a tree jungle of a peculiar aspect from the dwarfed character of the 
trees composing it, present among which are the Toukkian (TermiTialia macrooarpa), Te, 
(Diospgroa, sp.), and the ** Sh&biu” of the Burmese (Fhgllanthus emhlica),* The countiy 
around Laidi comprising the doab between the Fade and M y o- hla streams is composed of this 
day with sparing remnants here and there of the upper sands. It is hugely exposed, too, in 
the broad ^ley about Lepaldh (Let-pan-hla) and between that village andChouk-soung 
(“stone fang"). Towards the mouth of die Myo-hla stream near Toukkian-daing, 
(Htouk-kyun-deinff,)«this clay forms the open country and is dug for making pottery. 
It might here be readily mistaken for the alluvial clay of the valley, but for the occurrence here 
and there strewed over it of small pieces of silicified wood derived u*om the denuded sands which 
once covered it. The thickness of this bed I cannot estimate, but I should not place it 
under 40 feet ; how much more cannot be determined. 

(c ). — ^Below the last described clay, a group of beds occurs of rather varied character, 
resembling, to some extent, the beds both above and below it. It contains, though sparingly, 
the same description of fossil wood as the sands at the top of the group, and some of ite 
beds present oharaoters very similar to portions of those beds ; whilst towards its base, it 
appears to pass insensibly into the lower group characterised by marine fossils. It is, 
however, generally very devoid of organic remains, though, as a convenient lower horizon to 
it, I have token a sandstone which is generally recognisable where the junction is clear, by 
a few ozganic remains not very well preserved, among which a coral (Cladocora) is most 
characteristic, which we may regard as the highest member of the lower group. 


A section of these beds is seen in the Kini-choung (Kyeeneechj) above Mogoung, 
which may be token as illustrating their general character, and some portions so resemble the 
ossiferous sands and gravels of the upper beds that I searched confidently, though in vain, 
among them for like fossils. 

(Uneending), 

Pebbly Buidstone ... ... ... ... eoen, about ... 60 0 

Pale silty shale ... ... ... ... ... ... ... 8 0 

Very fUse-bedded pebbly sandstone ... ... ... ... ... le 0 

Harsh sandstone, rather irre^lar ... ... ... ... ... o 1 

Compact yellowish silt with a central band of kidney-diaped nodules 1 to 2 feet 

m diameter ... ... ... ... ... ... ... 2 0 

Gravelly sand ... ... ... ... ... ... 0 2 

TeUow pebbly sandstone ... ... ... ... ... ... 3 0 

Pebbly conglomerate, loose and gravelly... ... ... ... ... (a few feet). 
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*This section, though not a thick one, will illustrate the general character of the upper 
portion of ihis division (cj. The silty shale much resembles the shale in division ft, whilst 
the sands equally recall the uppermost sands, (a,) Close on the horizon of the above section 


* The clay above desorlbed and the sandy beds of the same group, respectively, oflfer good instances of the 
connection of partioular soils with particular kinds of vegetation. So generally does this hdld good in Pegu that in 
some instances it affords a good empirical criterion of the geological formation beneath. In the area of the fossil- 
wood sands, the most promment tree is the Sng (Dipitroccerpm prawdj/ToraA and this tree so commonly affects a 
sandy soil that the Burmese call such soils, whether within the lunits of the foml-wood sand pro^ or, the sone of 
dstrital aocumolationB skirting the hills, ** Engdaing,** or the tract of the Eng tree, and though, or course, Eng trees 
are found on other descriptions of soil, yet it is on this sandy belt that the Eng flourishes most vigorously fVom 
probably being there less competed with by other treOs, well fitted as it for a sandy soil. The ** Thiya** fSkorea 
obfiHU, Wall,) the “Kanyln" (^teroeannu (Mo, Ww,) and the “Engyln" nmvo, Wall,)' equ^vaflbet the 

saUdy “Engdaing,** though not in suffloient numbers to characterize the forest. On the other hand, these trees 
abhor the ounr desmibed above and are most miserably dwarfed on it. I^e Toukkian rTirminaUa mteroearmj, 
fhAh^dwan^ seams to answer best on th]solay,bnt bom some cause or other It does not seem fhvorable to vegetanon. 
I s &k this must be due rather to its hygrometric properties, thantoany injurious ingredient in it, and that if 
arim^ly irrigated, it would give better promise to the cultivator than the densely wooded sands to which it offers 
so u eontitat. 

Ban^boea are not usually much developed on the* Engdaing, and a striking deimuroation is not uubeqnently 
Seen where toe Itogdaing meets the boundary of the <dder beds on which bambooa flomiah with great luxuriance. 
The Bunneas^are to this fret, and if an enquiry is made regarding a vfllage, say, If it stand within the 

Engdaing, wiB' answer it negative^, Jlit is among the bamboos/* an expression quite equivalent in their minds to 
sa^ng ills not on the Engdaing where bamboos are rare and never are the characteristic vegetation. 
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must probably be placed the ossiferous beds, at the top of the river reiwh above Talolnnlior 
(Keng-yua in map), yellowish sands pebbly at top and passing up into rather soft conglo- 
meratic sandstone containing bones, both mammalian and chelonian, shark's teeth and 
vertebrse, fossil-wood and rolled fragments of oysters and other shells. 

A small but instructive section is also seen of these beds in the Myouk Naweng, a little 
below Thambyagon (Tham-bya-ga-gon), where pale silty shales are seen supporting a great 
thickness of rusty incoherent sand traversed by thin layers of shale and a coarse quartzose 
conglomerate with clay galls and cavernous hollows incrusted with a layer of the brown 
hcematite, as seen in some sandy beds of the upper division (a). In this conglomerate I found 
mammalian bones, shark's teeth, and a small tog of fossil-wood about two feet long of very 
similar character, though less completely minermized than that found so abundantly in bed o, 

‘ No other fossils were discernible here, nor, as a rule, throughout this division, though towards 
its base, sandstones come in containing marine shells and corals, though neither plentifully 
nor well preserved. These marine beds, however, are naturally ’inore connected with the 
great group which follows immediately Mow the present, and which nowhere contains the 
mssil-wood so characteristic of the present group. 

It only remains to add a few words on the very close restriction to the eastward of 
fossil wood after leaving the area of the fossil-wood group. Nowhere within the area occupied 
by ^is group is fossil wood, in pieces of the largest dimensions, more liberally distributed 
than along the eastern margin of the deposit along which it is everywhere found abundantly, 
but directly the boundaiy of the group is passed there is an almost complete absence of 
fossil wood, even in moderate sized pieces. A very close and careful search in some of the 
larger nullas may result in finding a piece here and there for some few miles from the 
boundary, but that is all, and the question at once presents itself,— has this fossil-wood sand 
extended formerly across the ranges to the eastward and to the Sittang Valley, or was its 
extension in that direction limited by a boundary somewhat corresponding in its general 
direction with the present boundaij of &e group P Without any detailed knowledge of the extent 
of the group on the eastern side of the Pegu range, we know the single fact that this 
fossil-wood group occurs in the Sittang Valley, and this and the presum^ conformity of it 
with the lower group which constitutes the bulk of the intei^ening ranges of hills, would 
strongly lead us to regard the group as having once stretched uninterruptedly from the valley 
of the Ira wadi across that of the Sittang, or over the entire country bounded to west and 
east, respectively, by the Arakan and Poung Loung chains. That this must have been the 
case with the great bulk of miocene rocks so largely developed in this part of the Ira wadi Valley 
is certain, but one argument, though a negative one, is, I think, sufficient to make us pause 
before accepting the idea of a continuous extension of the fossil-wood bed over the same 
area as those of the group below it. This argumpt is the absence which I have alluded to of 
fossil wood for a distance not far short of 60 miles, that is, throughout the entire breadth of 
country occupied by the precipitous hills and tortuous streams of the Pegu range. When we 
reflect on the large size of some of the silicified trunks which may be said to strew the 
county along the eastern boundary of this group in Eastern Prome, and the abrupt 
cessation of any save the veriest Iraces thereof, and these but for a short distance ftom the 
boundary, and consider also the imperishable character of much of this fossil wood as 
evinced by its abundance in the hard and well worn gravels^ of the Irawadi Valley, we 
are irresistibly led to question the former extension of this fossil- wood bed across a 
belt of country wherein it has left no traces. The evidence is about as forcible as negative 
evidence can be. Additional weight is also given to it by the ^t, that its admission presents 
no difficulties, but quite harmonises with the process which . the geological history of 
the district seems to indicate as having occurred. We have only to suppose that the 
deposition of tiie vast series of miocene rooks developed in Pegu proceeded uniformly 
(during, possibly, a synchronous elevation, in a gradual manner, cf the ocean bed) till 
the entire series, save the topmost members, bad been deposited. Lacustrine conditions 
we may now presume to have supervened over portions at least of so large an area, and 
the elevation of the Pegu range of hills commencinpf about this time would cause the 
first land to appear on a low belt of country occunymg in its general arrangement the 
present line of the Pegu range. In other words, the deposition of the uppermost beds 
of the group and notably of the fossil-wood sands would be arrested along a li^ of country 
not greatly differing mm the present boundary of the ^oup. The elevation of the 
Pegu range and its corresponding disturbance of the adjoining strata certainly continued 
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down, to a period subsequent to the final deposition of the fossil- wood {^i*oup» thougii from 
the mineral character of the upper beds, any movements they have b^n subject^ to are 
with difficulty determined, and these movements may have, to some extent, interfered 
with the effect of a cotip but from several points of elevated ground beyond the 

area of the fossil-wood beds, I have been struck by the manner in which those beds 
were spread out ; on a lower level, in a fashion strongly suggestive of their accumulation 
under lacustrine conditions along a stretch of elevated country almost coincident with the 
present boundary. This is notably the case at the extreme north of the district near the 
British boundary above Teybin and Bilugon, and is also to be^ remarked elsewhere, though 
the forest is so dense that it is rarely one is able to get a glimpse of any large extent of 
country. Had it been otherwise than here supposed, it would bo extremely hard to under- 
stand how the imperishable testimony of fosril-wood logs and fragments had been so com- 
pletely removed from the hilly tract, where as a matter of fact they ai'e wanting. They are 
certainly the hardest bodies met with, and having held their own among the quartzose rocks 
which comprise the bulk of the Irawadi gravels, must, a fortiori, have no loss successfully 
withstood the destructive action of denudation amidst the softer miocene beds which 
alone are met with in the Pegu ranges. 1 need not, however, dilate more on this subject, 
which will be readily enoush cleared up when the geology of those regions above the present 
British frontier comes to bo carefully examined into which these fossil woods extend, and 
wherein they seem to be more largely developed than within British territory. 


MINERAL PRODUCE OP INDIA. 

Towards the close of the year 1868, 1 solicited from the Commissioner of Kumaon 
(and some other officers) information as to the quantity and value of the minerals raised and 
brought to market within their jurisdiction. Buch local operations, where minerals are 
rais^ solely for local use, and in reality are never exported, or, only in very small quanti- 
ties, even transported from one district to another, taken separately, are of small importance, 
but when aggregated for the country at large, they represent an amount and value which 
must be very considerable. And these small local mining operations can only become known 
by the assistance of the local officers. To Colonel H. Ramsay, C. B., Commissioner of Kumaon, 
1 am indebted for the returns now given for Kumeum and Gwrhvsal, The information 
has been collected, under his orders, by Mr. Lawder, Civil Divisional Engineer, Kumaon. 
Mr. Lawder was for several years one of the office ^ staff of the Geological Survey, and 

S ossessed, therefore, a general knowledge of the subject referred to him, and has evidently 
evoted himself with zeal to the collection and preparation of information. 

1 was, 1 confess, surprised at the quantities stated to be raised and the extent of the mineral 
industry. Viewed merely as a source of employment of labour, these returns show the equiva- 
lent of the continuous labour during every day in the year of no less than 164 persons, 
and yet the effect is scarcely felt beyond the narrow limits of the province itself, excepting in so 
far as this local supply obviates the necessity for imports of materials from elsewhere. 

MiSTBBaLOOiCAL STATISTICS OF KuMAOH Divisiox, coUected under instructions from 
THIS CoHMissioNBB, CoLONEL H. Ramsay, C. B., by A. W. Lawdbe, Es(;i., Civil 
Divisional Engineer. 

My endeavours to collect reliable memoranda of the mineral resources of Kumaon have 
not been so successful in their result as 1 could have wished. The entire absence ^^of reliable 
native information, and the general unwillingness exhibited by the inhabitants to speak 
at all on the matter, arising from the fear that any knowledge they might communicate 
would perhaps eventually be the cause of increas^ rental demand or of the appropriation 
by the (Government of the land in which the minerals occurred, have presentea many 
dfficulties. The information obtained from the Bhoteeas was given with great reluctance. 

Owing also to having but little surplus time to devote to the full elucidation of the 
subjedt, the memoranmi supplied here are doubtless somewhat imperfect and incomplete ; my 
duties, although carrying me to all parts of the Kumaon district, confine me (witii ■ some 
exceptions) mo^ pm^cnwly to the roads, and 1 have probably repeatedly passed by old 
mines, or places rich in tatoerals, in utter ignorance as to thefr existence, not to mention 
0ther places remote from any frequented thoroughfare. 
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In the following notes 1 am indebted to reports already published for much information. 

The principal economic products in the Kumaon Division are the following : gold ; copper ; 
lead ; iron ; arsenic ; sulphur ; alum ; lignite ; bitumen ; limestones ; flags ; Sates, kc. 

Detail of Localitibs. 

Kumaon District. 

CoFPBB. — Ores of this metal are found at JRai in G-ungoli, Sira Barabisi, 
Kharai, Kemokhdt (each bank of Luddya river), Geewar, Jtc., Ac. 

Bai. — This mine is the principal one in the Putti. The ore is chiefly pyrites, 
and occurs in a matrix of steatitic and talcose schist* I visited these mines in the 
winter of 1868<69, and tbund the mines closed up a landslip, and the ^trances full of 
water. The ore is extracted by means of drifts suehtly inclining upwards to allow for 
drainage, as appears to be the mode most generally adopted throughout the hjlls. A 
specimen of ore which I found on the spot seemed rich. 1 also discovered slight traces of 
copper pyrites in quartzite near Gunai m Athagaon Putti. 

Sira Barabisi. — Sira is noted for its copper mine. Dolomitic and talcose rocks form 
the gangue. The ore is a mixture of copper and iron pyrites. 

Kharai. — Goul is the principal mine. The ore is worked in the same manner as at Bai. 
Steatite and limestone are the neighbouring rocks, the former being the matrix principally. 

Kemokhdt. — Copper is found in small quantity on the east bank of the Luddya 
river in Kali Kumaon. I have seen no specimen of the ore. 

Geewar.— There is a small mine of copper in this Putti. 

At Gurung and Chinkakolly there are mines which have been closed for some time ; 
also at Beler and Shore. 

Iron. — Iron is found in Dhuniakote, Agar, Geewar, KutoH, Bamgurh, 
TulU Bao, Chowgurka, Ac., Ac. 

Dhuniakote. — There are the remains of some mines or burrows just opposite the 
staging bungalow on the left bank of the Khyma nver. The ore is hamatite, occurring in 
irregular masses in quartzite. The rocks in the neighbourhood are more or less impregnated 
with oxide of iron, ^eso mines are now unused. 

There b also a mine south of Semulkha in this Putti, and another in Utehakote, 
both now unworked. 

Agar. — This Putti is very rich in iron ore, almost eveir village having its mine. 
The ore seems to be a brown haematite. It occurs here generally in beds or cbBs, and 
sometimes in irregular masses. The rocks in the vicinity are silicious. Only a few of these 
mines are now worked to any extent. 

Geewar. — Iron occurs in Quantity in the neighbourhood of the villt^es, Khetsari, 
Maelchour, Tilwara, Simulkhdt, Gudi, and Burlgaon. I can give no opinion 
as to the kind of ore, having no specimens. 

Kutoli.— At Suyalgurh there b some iron ore which is not at present worked 
to any extent. 

Bamgurh.— 'There are several mines in thb Putti, some largely worked. 

Mungialdkh.— This mine in TulU Bao Putti is highly esteemed for the quality 
of its ore, which is raised in quantity. 

Chaugurka. — The ores of iron are plentiful in this Putti, and are worked in some 
places. 

At Jhirratoli in Dardn the ore is magnetic. 

Dechouree and Khdrpatal.— There b not, I believe, any ore, being at present 
worked by the Kumaon Ironworks Company. 

Gbafhitb. — This mineral crops out at Kaleemut hill to the north of Almorah in 
the Jagdsur range, and on the spur of Bauinee Deveey facing Almorah on the 
Lob ugh at road. 
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Gwhwal District. 

Gold: Son a River.-^This stream rises in the lower raiiMof hills, and joins the 
Bamgun^a river in Pntti Dhdn. Its sands yield gold, and l£e bed of the Bamgunga 
below the junction is auriferous. The washing is not very profitable, scarcely averaging 
4 annas a day to each workman. 

Taluk a Ohandi.— The sands of the Ganges runnii^ through Chan di contain gold, 
but the profit arising from the washing is not greater than in the Sona river. 

Co^FEB: Dewalgurh.—The Dhanpur and Dhobri mines yielded largely in 
former times, but of late years operations have not been so vigorously carried on, owing to 
the intricacy of the workings, and the idea pravailing among the miners that very little ore 
remains in the mines. The ores are principally copper pyrites, and grey or vitreous copper 
ore, with the red oxide and green carbonate in smaller quantities. The matrix is calcareous. 
Galena is assomted with the copper ore. 

Nagpdr, — There are several mines here none of which appear to be at present worked. 

Lead: Dhanpur; Tacheeda. — These mines do not seem to be extensively carried 
on. The ore is galena, and the matrix principally of silex, with varying proportions of 
felspar and calcspar. 

There are some lead mines at Gherteo in the snowy ran^ between Milum and 
Niti which have been long since deserted, also at Ballum, Bainskum on banks of the 
Goree river, and Baidlee Baghir. 

Ibon: TulH Chandpoor.— This ore is probably a hsematite with a little magnetic 
iron. It has a slight repclung action upon the needle. 

Tnlli Kaliphat. — This specimen resembles specular iron ore. 

MulH Dussoli.*— The specimens ore highly magnetic and rich in ore. 

Tulla Chandpfir, Bajbiinga.-- This hsematite ore is largely worked. 

Nagptir.— This ore gives no definite result with the ordinary rough tests. It may 
possibly be a carbonate of iron. 

Lohba.«— Here a rich haematite is raised in quantity. 

Mulla Kagpur. — ^The ore is most probably haematite, 

Fainu.^-This ore is brittle and hard, and possesses the iron black colour and metallic 
lustre of n^netio iron, but the specimens of it failed to affect the compass in ^e manner 
characteristic of that ore. It may possibly on analysis be found to contam manganese, and 
if so, it will be an interesting mineralogical discoveiy. 

Iriakote.— It is difficult to say what form of ore this is. Its streak fails to convey a 
definite idea of its composition. It would appear to bo anhydrous form of sesquioxide of iron. 

Fokri. — These mines have been reported on by several officers. 

Bulphttb.— T his mineral is found both in Kumaon and Gurhwal. In the former 
district at Moons yaree, in the northern parts of the district, and there are also some 
sulphureous springs, as that at Nynee Tal. In Gurhwal it is found in the range of hills 
to the north of the Findur river within a couple of marches of Nundpriag; also at 
Mulla Nagpur and Mulli Dussoli, but is not now collected to any extent. 

Absenic. — Y ellow arsenic (Hurital) is found in the northern parts of the district near 
Moonsyaree. Only small quantities are brought down to the Bagdsur Fair by the Bhooteas. 

Lignite.— Indications of lignite appear near Banoebagh, close to Hnldwanf, and 
in the streams of the sub-Himalayas nortn of Nuj ib abad. They do not give promise of 
any workable fuel, and judging from the experience obtained in other parts of the hills, it is 
questionable whether any lignite deposits will ever be discovered of such extent that they 
will repay the cost of opening them up. 

An analysis of a specimen of the B a n 1 b a gh lignite gave— 

Oaxhon ... *•« ... *•* 601) 

Vqjaiile matter . . ... 36-4 

Ash ...* ... ... ... ... 3-6 
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The percentage of ash 3*6 contrasts favorably with that of the ordinary Indian 
coal raised in Bengal. The ash is colored by the presence of iron. 

Bit0hsr or mineral resin (SalajU^) occurs near the summit of many mountains where 
it exudes from crevices in the rocks. 

In the neighbourhood of Kotegaon, Go war SCO, south of Paoroe, it is seen near 
the top lar^ cliffs, and is worked by natives by means of a scaffolding suspended from 
the summit. I am unable to state the amount of it extracted. It is generally used as a medi- 
cine and exported to the plains. Medicine from Salq^it is also prepared in Gungnli 
in Kumaon, but I have been unable to ascertain from whence the mineral is originally 
obtained. 

LimbstoR’E.— The Kumaon hills are prolific in limestones, occurring both in immense 
masses, exhibiting various shades of color and structure, and as local Tufa deposits. 

In the newer geological formations of tlie lower hills it occurs sometimes as a light 
colored rock, and sometimes as the cementing material in conglomerate beds and very frequently 
as Tufa deposited by local springs and streams. The process of deposition is most active 
during the monsoon rains, and in nearly all the springs emanating from limestone rocks, the 
waters are highly charged with calcareous matter. 

These tufaceous deposits occur less frequently in the higher ranges, but there the blue 
hard limestones generally^ containing silex, ana other hard varieties, prevail, forming well 
defined beds, and m many instances they are the predominant rocks of some of the larger 
hill runs. Small blocks of verv pure black limestones are sometimes to be met with, and I 
have picked up some small nodufes of kunkur in the L u d dy a river. 

The principal material utilized by the natives of this district is Tufa, it being more 
easily burnt and propared, and mom snitable to the kutcha kilns in ordinary nsc. Where it 
lias in its composition a little iron it seems to yield a sti*ong mortar. 

The localities in which lime is manufactured are very numerous, the most important 
being Naini Tal and Jeolf for use in the neighbourhood. 

In the Kharai range, half-way between Bagdsur and A 1 ra o r ah, from which the latter 
siation is almost wholly supplied. At Cbitaili, in the hills north of D war a Hat; at 
Simulkha, Baital Ghat, and Bekoli, in the Kosl valley, for consumption in the 
works in progress in the new military station at Eanikhdt, and on the new cart-road from 
thence to Bamnagar, There is also lime, somewhat silicious, in Agar Pntti, in the 
BethaGftr range, Athagaon, and in almost all the hills in Gunguli. At Bamdsnr 
it skirts the road for miles. 

It also occurs near Khyrna on the Almorah road, at Mul wa Tal, and in Geewar, &c. 

Booftng Slates, &c, — ^Boofing flags are very plentiful in the district of Kumaon, and 
are generally micaceous or chloritic. 

AtChitaili near Dwara Hat there are some beds of imperfectly motamorphosod 
day slate, the planes of cleavage seeming to occur alm^t in the same lines with the bedding. 
The quarry was formerly used to some purpose, but owing to the neglect of former owners, it 
has b^n mr years filled up wifh debris, so that I was unable to observe the beds properly. 

Clay slate occurs also in the neighbourhood of Naini Tal, but the cleavage is im- 
perfectly developed. There area coupje of quarries on the banks of the Bamgunga in 
Suit Pntti. 

Building Stones.— Almost everywhere in the district within easy reach good 
building stone is to be had. At Almorab fine-grained evenly-bedded quartzites and 
mica schist form the hill itself, and supply material not to be excelled for 

* Mr. Lawder is horo in error in calling SdlaAii Utumen or mineral resin. It is an alum or native sulpbaic 
of alumina which forms on the aluminous shiues in tho hills. At least inch is the Satajit of Nepal, where it is 
well known and from which it is more largely exported than from Kumaon. Wonderful medicinal virtues are 
attributed to it, and in the plains it often sella for its weight in silver <seo Notice of a native sulphate of alumina 
from the aluminous rocks of Nepal, by J. Stevenson, Esq., Supt., H. 0. Saltpetre Factories; Journal, Asiatic 
Society, Bengal, Vol. II, p. 321. Also On the alum or Salajit., of Nepal, by A. Campbell, Assistant Sur- 
geon, dte., fto., ibid, p. 482 ; also a second note hy Mr. Stovonson, p. 605). Whether the mineral referred to 
by Mr. Lawder be really the same as SalaJU I cannot assert.^T. 'OuDaiv. 
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durability and facility of dreBsing. Miea schist seems ^ to form the principal beds for 
some distance to the east and west ef Almorah, reaching to Dwara Hat and Massi 
on the west^ Pali, Banikhdt. Siahi, Xlevit Dole, and towards Kali Kumaon 
to the east, and idso in the formation of the Jagdsur and Binsar ranges to the north. 

At Naini Tal the stones used are limestone and clay schist. 

At Banikhdt a pale colored gneiss forms both a handsome and a lasting building 
stone. 

Sandstone is abundantly found in the lower hills. 

Gneiss and chlorite schist are used frequently as building stones in the district. 

Imports . — The chief importations are Bonax (Tinoal),SALT, and Gold from Thibet. 

Bobax. — ^Borax is obtained from the borders of a lake at Chappakanni, a few koss 
from the Kylass mountain in Thibet. 

It is collected Ibom June to September and sold at the severiJ fairs — Ganpa, Gupa 
Chin, Sibbillum, Chakra, Taklakhal, Dhabakar, Ac. It is purchased here by ue 
Bhoot^ traders and brought down to Bag^sur. At these fairs the price of crude borax is 
something under 2 Bupees per maund ^bout SO seers), and in the same state it fetches 
from Bs. 8 to 9 per •maund at the Bagdsur Fair, which is the chief mpt of the 
J owari traders. The borax bought up here is despatched to Banmagar, where it is refined 
and redisposed of at about Bs. 22 to 24 the miaund. 

Traders from the Byanse, Ghowdanse, and Darma Passes transact sales of 
borax at Dharchula and Burmdeo, and the (^rhwal Bhooteas from Niti at Kanaseo 
and Bamnagar, nearly all the borax is disposed of to plains traders-^ 

Probable amount of borax brought through Milum Pass in 1868-69 ... 17,000 mds. 

Probable amount of borax brought through D arm a and Byanse in 1868-69. . . 15,000 „ 

Probable amount of borax brought through Niti and Man a in 1868-69 ... 16,000 „ 


Total 


47,000 mds. 


Salt.— I s found at Bhuduk in Thibet, and is sold at the same fairs as borax. It is 
also found at Silungsakka in Thibet — 

Probable amount imported vid the Jowar Pass (Milum) in 1868-69 ... 4.000 mds. 

Probable amount imported vid Darma and Byanse in 1868-69 ... 3,000 „ 

Probable amount imported Niti and M ana in 1868-69 ... ... 2,000 „ 

Total ... 9,000 mds. 


Salt is purchased in Thibet at the rate of 1 Bupee 12 auTiw-a per maund (roughly 
measured) and sold at Bagdsur or Almorah at from 5 to 6 Bupees per maund. Almost all 
the salt imported from Thibet is consumed in the hills. 

Gold. — Is found in many of the rivers in Thibet ; at Silungsakka, Ac. ; it is sold at the 
same ihirs as the salt and borax either in nuggets or in grains. About 10 to 12,000 
Bupees’ worth is brought down annnallv, some of which is ^posed of in the hill 
districts (Kumaon and Gurhwal), probably about* one-third, and the remainder most 
likely finds its way to Delhi, Agra, Ac., Ac. It is sometimes found to contain copper. 
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These nomhen eipress the niunber of men for one dej. 












Betur% qf ^mouni and value all hinds of mineral produce brought to market or raised for private use in Zillah Gubbwal for the 

year 1868. 
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Captain Gaiitan, hi submitting the numerioal return &om Gurhwal, says— 

*< The retmn has been prepared from statements sent in by Futwarees, and I do not think 
any great reliance can be placed on their correctness, as it must have been most diificalt fur 
them to hnd out the information required ; the people working the mines themselves not 
having the slightest idea of the amount of ore they either collect or sell. 

'* The copper mines in Dh&npur used formerlv to bring in a much larger revenue tlian 
they now do ; the fact being that the shafts have been sunk so deep into the hill, and tho 
passages are so intricate, that veiy few people will venture into them. The miners also say, 
that we mines are nearly worked out. 

There is, one may say, no export of ores from this district, the mines worked only 
being sufficient to supply the wants of the people. 

** I regret that 1 cannot give further information, but the agency at my disposal is 
too limited to enable mo to collate any that I would deem trustworthy/* 

1st My 1869. A. W. Lawdeb. 

Tho mines noticed in the above return have been known for many years. Some of 
them were noticed by the earliest European visitors to these hills. And when there was no 
communication with othet countries and no supply of imported metal, they were naturally of 
higher importance and of greater value than m later years, when their rudely extracted 
products have had to contend with European manufactures. The earliest description, in any 
detailt of these sources of mineral wealth was given by C^mtain J. D. Herbert in 1820 
in his repori on the mineral producrions of that part of the Himalaya mountains between 
the Sutlej and K41i (G4gra) rivers, Ac. (Asiatic Researches, xviii. Ft. 1,227). In this idmost 
every locality noted above is mentioned. Dhdnpur and Dhobri at that time paid a revenue 
or royalty for the right of working of Bs. 1,200 per annum ; Ganguli and Sira of Bs. 1,000 ; 
Fokri Bs. 600. The localities, modes of woricing, and rocks are described, and the means 
of improvement noted. The iron and lead mines are also noticed, as well as the non- 
metallic products of the hills*-»sulphur, alum, bitumen, graphite, borax, limestone, Ac., Ac. 
The inaccessibility of the various places is also noticed. 

In 1838 a report on the copper mines of Kumaon by Captain H. Drummond appeared 
in the Journal of the Asiatic Society of Bengal (vol. vii, p. 934). ^ In this he gives tho results 
of an examination of many of the mines .by a practical Cornish miner, Mr. Wilkin, whom he 
had brought out from England. The Bye (Bai) and the Sheera (Sira) mines, both noticed 
above, are specially referred to. Mr. Wilkin recommended certain trials and improvements 
in the mode of working, taking favorable view of the prospects. An experimental trial 
was then made with the view of opening a regular mine at Fokri, in Gurhwal. Extensive 
workings had here been carried on from very early times, and one mine, called the B^jali 
Khdn or Bajah’s mine, had, it is said, yielded in one year more than Bs. 50,(X)(). At the 
t.i me alluded to (1838-39) the right of mining was leased for Bs. 100 per annum. Two 
galleries or adits were commenced, one in each of the two ravines in which the copper was 
known to occur, the Bqah Khdn and the Chumitti ravines, about 500 yards apart, l/p 
to May 1839, 149| feet had been opened in the Btgah Khan drift, and 111 feet in the other. 
(Lieutenant Glasfurd, On the experimental copper mine in Kumaon, Jour. Asiat. Soc., Beng., 
viii., 471). 

The work was continued until June 1841, when the estimated cost had been largely 
exceeded, and as no sufficient returns were obtained, the trial was finally stopped. At that 
time 267i fathoms of ground had been driven through. In addition to the two old mines 
noticed above, the Rajah's and Chumitti (or Chaomutt^), a new opening was made, when good 
specimens of ore were found near the surface, but at a depth of 15 fatiioms they ceased, and 
at 23^ fiithoms it was abandoned. Details are given by Mr. Wilkin as to other mines in 
the neighbourhood of Fokri also. 

The total sum expended in this experimental trial was Bs. 7,384 and there was realized by 
sale of copper during the time 779}. Hr. Lushington, who gives these details, mentions 
the real oMacles to success which have to be contended with. The distance of the mines 
from the plains, the slowness and expense of carriage, tho cheapness and abundance of 
English copper, the superficiality of the mines yet known, and the want of coal are all 
serious drawbacks. 
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At the tim Mr. Imahmgixm mate (im)^erimeedJ>}Jmjm mtedfiw Ri. 1,7W 
]peir wmoin in 1812. Under tbe Ghoorka Governmei^ tfae rent fixed for mznae £u* me whole 
pioyince was only B». 8,500 (Compan/s Supeei^ S&noe 1815, when Kamaon was conquered 
by the British, up to 1846, the average teyenue derived by the British Government was for 
copper in Kumaon Es. 800 to 1,200, m Qurhwal Bs. 2»086, the higphest revenue &r any year, 
for all mines being Bs. 6,417. Iron yielded an average of Bs. 1,000 in Kumaon, and Bs. 226 
in Gurhwal. (Account of ejmeriment at Khotree copper mine, with notices of other copper 
mines, by G. S. Lushington, Bsq., Commissioner, (Jour. Asiat. Soc., Beng., xii., 463). 

Again, in September 1846, Mr. Sigismund Beckendorf, Mining Engpeer, reported on 
the same mines, (tfour. Asiat. Soc., Beng., xiv, 471). Dh^pur and Pokri are on opposite 
sides of the Douliganga, each about six miles from the river, or 12 miles apart. Dhanpur 
is 1,000 to 1,600 feet higher than Pokri. Both are said to be on the same layer of talcose 
slate, which is stated to head north-ld^-west. Mr. Beckendorf thinks, indeed, mat the whole 
of the known copper mines from the Nepal terai on the east to beyond the Pokri mine on 
the west are only parts of one layer of no great thickness, sub-divided occasionally into 
two or three! He considers the ore not to occur in a regular lode or vein, but in a bed. 
He thought all previous trials had been misdirected, as they had been carried out in the 
old workings, and that new ground altogether ought to be opened up. He formed a much 
poorer idea of the chances of success at Dhobri, but considered that everything tended to 
show that at Pokri copper could he obtained in large quantity. He urgently deprecates, 
however, Government attempting anything itself. 

In 1854 the Hon*ble Court of Directors sent out Mr. W. Jory Henwood, with two 
mining assistants and an iron smriter, to examine and report on the metalliferous deposits 
of Kumaon and Gurhwal. After going over all the districts, Mr. Henwood reported in 
May, 1856. This report spves much usefrd information, but, so far as regards the copper 
mines, the opinion formed was most unfavorable, and indeed condemnatory. Speaking of 
Pokri he says : We have never before seen a spot so scantily sprinkled with ore, and 
offering, in our judgment, so small a prospect of improvement so extensively and perseveringly 
worked'* (Selections from Records of Government of India, Home Department, viii, p. 5). 
The greater part of the report is devoted to the rich iron deposits of these hills, regarding 
which we cannot at present speak. 

Subsequently to this (1866) I know of no systematic attempt to work the copper mines 
of Kumaon or GhirhwaL The native miners have, however, continued to delve out annually 
in a wretchedly insecure way a few hundred maunds of ores, an amount which, from 
Mr. Lawder's r^ms given above, appears to be more considerable than I should have expected. 

The Geological Survey has not yet had an opportunity of visiting these hills. 

October, 1869. T. Oldham. 

COAL-FIELD NEAR CHANDA, CENTRAL PROVINCES. 

Since the first notice of this field was published in the Records of the Geological Survey 
(August 1868, p. 23), a systematic examination of the field has been commenced. It was 
fully pointed out by Mr. HV. Blanford, in the paper referred to, that the country was in parts 
so covered that it would be impossible to obtain any satisfactory knowledge of its stru^re 
without boring or sinking. Since then two skills borers and boring tools have been 
obtained from England, and further sets of tools are on their way. The season had already 
far advanced before these were available, and as the rains wm» then near at hand, it was 
considered desirable that th^e men who had last arrived, and who were therefore quite 
unacquainted with the peculiarities of life in this country and of the climate in which they 
were to work, should, fi>r a time at least, be k^t where gora house shelter could he obtained. 
The work was placed under the immediate charge of Mr. M. Fxyar, M. E., Mining Assistimt 
on, the Geok|pcal Survey. And he was requested to select spots for boring witmn reach of 
Chanda or KHaipur dmng the rainV season and to keep the men at first tether, so 
that^ey could aid one another in any oifficulty which might occur at first starting. 

Under Mr. Fryaris instmc^ns the first bore-hole was commenced in the beginning 
of Jnne. bore-hole (No. 1) was very near the south-east corner of the boundary m 
the Nuggeeha Bagh, north of the native town of Chanda. This bore was put down 80 feet 
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and wM iliea *‘'m Ae nattiial bond 4ihroag5 aontinued to be aimplj stiff sand.” 

A ae«»d bwe wtt tiiBB comosoaoed abent 880: feat ^oia tbe first, i& the dixeetion of the dip 
of the nMks,‘'*4dHiiiteBat-15'-nortii. Tfaia passed ilaonj^ the fi^owioj^ seotira.''^ 

FeM. fiiiSlMi. 

It 0 or oohf^ tMaaoMiui ihala. 

8 0 8oft shale of deep ^ and pnnle eol<mr« 

90 0 Of theaameiiiCMfUlMfimiidmNo. Xbpre-hole. 

Total ... 40 *0 

At this depthi 40 feet, tins bore-hole was also stopped. 

No. 3 was then commenced at about 4i50 yards still farther in the direction of the dip, 
or into the field, or about 627 yards from No. 1. This bore-hole was near the jimction of 
the Ohimoor road and the Nagpur road, its bearing from No. 1 (magnetic) being about 
north-SS^-east. w 

This third boring gave the Mowing section 

Feet. Inches. 

6 0 BrownsdL ^ 

11 0 Bed brongel. 

3 0 Brown sand. 

1 0 Hard red lionitoae. 

17 0 Light pipe clay. 

2 0 Hark orown ouj. 

12 0 Soft light sandstone. 

3 0 Light Brown sandstone. 

10 0 ^ht colored sandstone. 

7 0 very light colored sandstone, very coarse. 

2 0 Yillow sandstone* 

4 0 Very dark sandy ihsle. 

26 0 Variegated aandstone. 

10 0 Yellow aandstone. 

11 0 Brown aandstone. 

9 0 Variegated sandstone. 

1 0 Coarse mown sand. 

25 0 Variegated sandstone. 

2 0 Idght bine sandy shale. 

2 0 Good eoal (aj, 

12 0 VeiY dark bine shale, a litrie sandy. 

7 0 Light blue aandstone, a litUo shaly. 

24 0 Light colored sandstone. 

1 6 Black ah^e mixed with coal (hj, 

16 0 Light blue sandstone. 

1 0 Hark sand^ shale. 

0 6 Iron pyrites. 

18 0 Light bine sandstone and brown sand mixed. 


Total ... 242 0 

**And as in this depth we have entered something of a Talchir appearance, 1 have 
stopped this hole and commenced one at Ballarpur.” (Mr. Fiyar's report, ^h July). 

Specimens of the coaU passed through in this pit, as brought up by the pump, were 
assayed, and yielded— 

Carbon. Volatile. Ash. 

two ftet bed ... ... ... 47*8 41*0 11*2 

eighteen inoh bed... ... ... 42*7 41*2 16*1 


both poor coals, neither containing 50 per cent, of carbon. T^e beds are also from their small 
thickness unworkable with profit at that depUi. 


A fourth boring was made near the dfik bungalow to l^e west hj south, and between 
the bungalow and the Jhurput nala. This (No. 4) was put down with small rods, *‘and 
ought to have entered coal a few feet from the surface, if the apparent dip of rocks at the 
surface had been a guide approximately to the dip of the coal beds below." (Mr. Frjar, 281Ji 
July).^ This boring was about 600 feet to the west of one put down by Mr. Binnie, C. £., 
in which coal was said to have been cut. No. 4 did not reach coal, and was abandoned. 


Preparations were made for a fifth boring (No. 6) about, six chains from the Jhurput 
nala on the left bank, due south of the town of Chanda, but no boring was carried out here. 


At Ballarpur,^ the first boring alluded to above was put down on the left bank of the 
river, nearly opposite ihe point where coal is seen on the rijspht or Hydrabad side of the river, 
and about 300 feet from the river bank. This position was injudiciously selected, os 
proved to be the case. It was in fact within the limits of the old bed of the river, and was 
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abandoiuad, as there was not tubing '‘enough to carry the hble throngh i^e m i mi n g sand 
and gravel met with." This difficol^ might owhunly have been avoided, bat lufortonately it 
was not The piobalnlity was in fact ^inted out in April 1867 (see p. 25, Beoord 8 ,( 3 leolomcal 
Survey of India, 1868), where it is said, “in sinking upon the Chanda side, it is ^ mmi 
improbable that only aUuvial day may be met to the depth mentioned.” The borine tools 
were then shifted to a second position where rocks were visible close by. This second hde was 
put down about a mile to the porth-east near the town of Ballarpur (less than half a mile). 
This boring was carried down to a total depth of 236 feet. 

The following is the section passed through 

Feet. Inohee. 

0 fied ixon brongel (moomm). 

V 0 Soft brown sandetone. 

9 0 Strong blue oUy. 

2 0 Very derk-red sanditone mixed witik iron. 

10 0 Brown eendetono. 

80 0 Soft light colored sandstone. 

18 0 Variegated sandstone. 

1 0 Bed sandy clay. 

6 0 Dark colored sandatono. 

3 0 Brown sandstone. 

1 0 Hard red sandstone mixed with iron. 

10 0 Brown sandstone, with mica. 

16 0 Yellow sandstone. 

0 8 Good coat. 

0 9 Black shale. 

1 0 Good eoal. 

2 0 Very dark shale. 

3 0 Green looking sandstone (blndsh). 

10 0 Dark-bine sandstone mixed with shale. 

26 0 Light colored sandstone. 

0 9 Iron pyrites. 

20 0 Light colored sandstone. 

8 10 Black shale, a tittle co^y. 

10 0 Dark blue sandstone mixed with shale. 

20 0 Light colored sandstone. 

0 9 Iron pyrites. 

0 9 Light colored sandstone. 

3 0 Black shale, a little coaly. 

11 6 Dark colored sandstone, a little sbaly. 

1 6 Iron pyrites. 

1 6 Light colored sandstone. 

Total ... iST 1 

Mr. Fryar reported on the 16th September that he had ordered this hole to ^ stopped, 
“ as we are evidently in the Talchir sandstones.” He adds, ‘ you will observe a similarity of 
section by comparing the second hole at Ballai^ur with the No. 3 one at Chanda’ (given 
above). There is doubtless some little similarity, but 1 am unable to see the proof that the 
bore was evidentiy in the Talchir beds. 

The boring rods were then moved from Ballarpur to a point on the road to Moolk from 
Chanda, between two and three miles from Chanda town, near the place where the road crosses 
the Jhuiput nc^ in the comer between the stream and the road to the south of the road. 
This boxmg was in progress up to date of last report, and on the 12th instant had reached a 
total depth of 124 f^t 6 inches. The following u the section • 

Feet. Incbee. * 

5 0 Loose sand and loamy soil. 

6 8 Yellow sandstone and bands of ironstone, 

1 8 Hard nd ironstone. 

7 n Vsriogated eandstone, with little clay. 

11 0 Soft red ironstone. 

0 6 Donstone band. 

8 0 Bed sandstone mixed with iron. 

4 0 Yellow Bsndstone. 

11 0 Variegated eandstone. 

1 10 Yellow sandstone. 

0 8 Very hard red rook. 

7 6 Brown sandstone. 

28 0 Light brown eandstone. 

9 0 Light red sondetone. 

1 0 Coarse light brown sandstone. 

2 0 Hard red rocks, 

10 0 Variegitedfsadstone. 

Total, IM "o 
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It is evident that the fods have not jet tott<died a bed of the coal-bearing rocks in this 
section, alltiie bris passed through belonging to tiie Upper or Pandiet series. 

Beviewing the results thus obtained, we find that borings at Chanda, which are lepre- 
sented as having passed through the entire thickness of the coal-bearing rooks there, and 
to have pierded the Talchir beds bdow, (in which no coal is known), exposed only two thin 
beds of poor coal, so thin as to be unworkable. While at Ballarpur also, a boring of al^ut 
the same &pth (about 940 Ibet), said in like manner to have gone through the entire thick- 
ness of the coal-bearing rooks and to have pierced the Talohirs, showed also two beds of 
coal, one of 18 inches, one of 9 inches in thickness. 

It need scarcely be said that none of these are workable at the depth at which they 
occur. 

Before these explorations had commenced, lil^or Lucie Smith, Deputy Commis- 
sioner of Chanda, who deserves the highest credit for the sustained zeal and intelligent 
earnestness with which he has prosecuted these enquiries, had a pit opened on the bed of coal 
visible in ^e Wurda channel, near Googoos, or Chendoor. And fVom the coal there met with, 
at a deptii of 30 feet below the surface, a considerable quantity was raised for experimental 
trials to which I will presently refer. As, however, this pit was within the Jiimts of the 
ordinaiy fiood level of the Wurda, a bore^hole was put down about 330 yards irom the bank 
of the river and nearly in Hie line of strike of the beds. This bore-hole was carried out 
by Corpoi^ Carson, of the Public Works Department, under the orders of M%jor Lucie 
Smith, Mr. Fryar also assisting. As was tolerably certain at such a distance the coal was 
found to continue. TMs bore-hols was sunk altogether to 121 feet 6 inches, and gave the 
following section 

Feet. Inches. 

8 0 Sniftee elaj. 

6 0 Red tnooruin. 

40 0 Variegated sandstone. 

8 0 White soBditonii. 

H 0 Yellow olag. 

10 0 Dark-brown claj. 

1 0 Black shale. 

3 0 CM- 

3 0 Dark sandy shale. 

3 0 Coal, 

& e Blue shale. 

12 0 Cboi. 

4 0 „ mixed with iron pyrites. 

6 Q VoaL 

u 0 Shale. 

11 6 Goal. 

Total ... "lai 0 

Below this is white sandstone streaked with black shale. It is much to he regretted 
that the boring was not continued, so as to ascertain the thickness of the formation here 
and the position of this thick deposit of coal in it. 

The coal having thus been proved here, a pit was commenced and is now in progress. 

A second bore-hole was then commenced about a mile to the south, and to the west a 
little south of the village of Googoos. This is as nearly as can be the locality recommended 
^ the Geological Survey in 1867, ** about 300 yards west of the village of Googoos.'* 
This bore-hole was carried down in all about 112 feet, giving t^ following section 

Feet Inches 

0 0 Surface clay. 

22 0 Varlented oiiidstotie. 

0 8 Ironatone. 

21 6 Variegated sandstode* 

2 0 Bed rook. 

4 0 Yellow clay. 

0 0 Dark ahaly day. 

8 0 flb*^**- 

2 0 Crimson colored sandatone. 

17 0 CZay and aand. 

20 0 Light colored sandatone. 

7 0 Variegated sandstone, 

8 


Total Ill 
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At this depth the mineral lifter jammed, and i^ter , several days' unaTi^ing efforts to 
lift it, it evident that it would be neoessarj to sink to it, in orm to relieve the tools. 

Alter some dday this shying is now in progress and had reached 27 feet on the I2th instant. 

Su<di is the progress made in the exploration of the field. 

As regards the important question of the qualitv of the coal, several trials have been 
coal raised from the pit new Googm was first sent to the Cheat Indian Penin- 
sular Bailway for t^ in their locomotives, l^e Locomotive Superintendent reported on the 
16th April that the coal was not suitable for locomotive purposes, being very durtj. Out of 
1 ton 4 cwt. used, there were 6 cwt. of clinker, but very little in the smoke-box, with a load 
of 4 cotton wagons and one brake* Great quantities of sparks came out firom the chimney, 
and remained on fire for some time. From Boorhan^re to Ehundwa, the brake-van alone 
was attached to the engine, and although the fire^ad been cleaned at Ohandnee station, it 
had to be cleaned again before getting to Dongerga^ (17 miles). We could not get a welding 
heat with the coal, although it contains great quantities of gas." 

The fii^-boxes on the Great Indian Peninsular Bailway are constructed to suit English 
coal, and the engineers are accustomed to its use. There appeared, therefore, sound reason for 
not admi^ng wis to be a conclusive trial. More coal was rais^ and better coal selected, 
and this was sent to the East Indian BaUw^ at Jubbulpore, some to the works in progress 
under the Public Works Department at the Kanhan bridge, and also a second supply to the 
Great Indian Peninsular Bmlway. The results of thesfi ttials are decidedly encouraging. It 
is said that the coal took the tram on the Great Indian Peninsular Railway down as far as 
Budnaira (100 miles) without difficulty; the engineers wwe agreeablv surprised with its 
capabilities, but did not think it quite ^,to the mark/’ At the Eanhan bridge works, it 
was tested in a small portable engine. “ with Clhanda coal steam was got up in 1 hour and 25 
minutes with a consumption of 36fts., the coal being wet, a strong breeze blowing and rain 
falling at the time. The coal burnt clear, and freely and very clean, leavi^ a small residue of 
gray ash without dinkers, and evaporated on the average 4S»s. of water per iC of coal consumed. 
With English cofd steam was rais^ in 1 hour 35 minutes, with a consumption of 28Sb8., the 
coal being drier, but small and deteriorated from exposure, but the weather was fine at this 
part of the day and very little wind. The evaporation was at the rate of 6'5&8. of water 
per 1ft. of cofll." The Chanda coal is specially noted as burning clean." 

The trial on the East Indian Railway was the only one in which the Chanda coal was 
compared with other Indian coal.^ “ The Locomotive Superintendent reports that the con- 
sumption of Chanda coal on two trials was 88 j- cwts. and 85 cwts. per 100 miles, against 
67 cwts. of Ranigupj coal for the same distance. The coal did not work well at first, partly, it 
appears, owing to the construction of the fire-boxes, and partly, perhaps, to the stormy weather 
in which one of the trials was made, but it did better afterwards." 

These trials show the * duty* of the coal to be as compared with English coal (‘small 
and deteriorated by exposure') as 4 : 6'5, or 61 per cent., or, in other words, it is fths worse 
than this English coal. 

As compared with Raniguxg coal, its duty was as 67 to 87 (mean of 88*75 and 85*), 
or 77 per cent., or nearly ith worse. It is not stated what ** Banigup}" coal was in use. 

The coal, however, did the work required of it, and in a satisfactory manner. 

These coals were, as mentioned, from the pit sunk at the Wurdah. To test the coal 
met in the ^ring near that river, as given above, Mr. Fryar was requested to forward 
specimens. Of these he sent 83, one firom each of the three-feet seams above the thick coal 
and 31 from it, tiiese being taken from the material brought up by the pump at intervals of 
about a foot of sin^g. These were all assayed carefully by Mr. Tween, and the results are 
given below. 

There can be no doubt that assays of this kind, and mote especially when made on the 
stuff brcdcen down by a boring-chi^ are only approximate indi^ to the value of the coals 
tested. But in the absence of oetter means, they do affind fairly comparable results, and 
do unquestionably give a fair indication of the economical value of the coals. Indeed, the 
very results given above are singularly ccmfirmato^ of this. The assays were completed for 
several weeks before the above results of actual trids were received. 
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The 38 epedmens tested gave the Mowing mnlts 


Papths, Ag. 


BjB 


Depths, Ac. 

Cstbon. 

VolaUle. 

Aeh. 

A ( lit tbree-faet seam ) 


440 


16 



... 

88*6 

86*7 

24*8 

B < 2nd three-feet aeam ) 

S7*4 

280 


17 




44*2 

31*4 

24*4 

1 (fW>mthiefceoBl) 

480 

36*6 

ISO 

18 



... 

20*8 

28*6 

47*2 

a 

48*6 

86*4 

18*1 

10 




36*8 

wigiM 

30*2 

8 

44*0 

88^4 

16*6 

20 




430 

30*6 

17*4 

4 

48*6 

40*0 

16*5 

21 




46*3 

411 

12*6 

6 

44'4 

30*8 

16-8 

21 * 




44*0 

42*6 

12*6 

6 

44*7 

30*6 

16*8 

22 




43*7 

80*6 

26*T 

7 

47*4 

36*8 

16*8 

23 




45*3 


21*7 

8 

47*7 

36*8 

15*6 

24 




62*4 

32*0 

16*6 

9 

47*6 


12*4 

26 




40*3 

* 24*6 

36*2 

10 

48‘2 

30*8 

12*0 

26 




460 

32*8 

21*6 

11 

46*6 

44*6 

8*8 

27 




44*2 

29*0 

26*8 

12 


m 

14*8 

28 




66*1 


12*0 

13 

60*4 

#6 

6*6 > 

20 




86*6 

32*8 

81*0 

14 

36*3 

281 

33*6 

30 




66*2 i 

81*6 

12*2 

16 

87*8 

28*8 

38*4 









It is obvious from these results that while this thick deposit oontains some layers 
which are really good coal, there is also a laige amount which is scarcely deserving of the 
name of coal at all. Stuff with 30 and & and even up to 47 per cent, of ash— useless 
matter— would he of no avail exoq>taig for purely local demand in such work as lime-burning, 
&c., while coal such as is represent by No. 13 or No. 30, or the bed A, would hold just com- 
parison vrith some of the best coab in India. Probably the fairest way, seeing that although 
the specimens are taken from about every foot, the actual matter assaved may really represent 
only an inch or two in thickness, is to take the whole as one, and take as the mean composi- 
tion the avera^ of all the results (neglecting for the present the two ^arate 3 feet 
seams). And for comparison, to take W specimens of Ranigunj coals from di&rent worked 
beds, and take the average composition or these. 

Taking the 31 specimens of the Googoos coal, the average result of all is— 

Carbon ... ... ••• ... 44*51 

Volatile ... ... ... 3534 

Ash ... ... ... ... 20*15 


And the average result of 30 Baniguiri coals is — 
Carbon ... 

Volatile ... 

Ash 


60*9 

34*6 

14*5 


that is, the Googoos (aven^) coal is 6*39 per cent, inferior to the average of Eanigunj 
coals as to the main heating power, and it is also 6 per cent, worse than the sameas to 
amount of useless matter. Or, viewing it in another way, it may be said that out of the 
31 odd feet of *ooal’ there axe 28, which contain less oixbon than the average 30 
Ranigunj coals, good and had, and only 8 which contain more ; while there are 23 iridch con- 
tain more ash than the same average, and only 8 which contain less. 

These results appear unquestionable, io far as the coal yet obtained is concerned. That 
this coal will at the same time prove highly useful cannot for a moment be questioned ; and 
we must only continue to seek for bettor. 


The results of these trials showed the duty of Chanda coal roughly, as compared with 
Ranigunj coal, to he as 67 to 87. The comparison by assay g^ives 45 : 51, or the trial by rail 

f ves the work in the ratio 1*00 : 1*29, that by assay as 1*00 : ri4: As compart with 
nglish coal the duty was by actual trial as 4*0 to 6*5, by assay as 44*5 : 68, or, m the first 
case, as 1 : 1*63, in the latter asd: 1*63. 
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These are veiy close approximations and folly bear out the value of such assays. In all 
. oasesi it is worth notice aim, the result as per assay is more favorable than that by actual 
trial. Both methods of testing the value prove that good useful fuel exists near Googoos 
in considerable quantity. 

The explorations are being carried on with vigour, and the results will be given from 
time to time. 

In connection with this enquiiy, it is necessary to give publicity here to some important 
facts regarding which considerable misapprehension has evidently existed. In the last 
general report on the Central Provinces, the Chief Commissioner has (p. 76) said : ‘ so far coal 
has only been discovered in that known as the Damuda series, and it remains to be proved 
whether the Kamptee group is carboniferous.* This name 'Kamptee group* has never been 
published before or defined, and without such definition it is meanin^ss. It was a term 
used by Mr. W. Bknford on a preliminary skeftch map of district, copy of which was given 
to the officer of the Geolo^ool Survey working at Clianda for his information. But the term 
was simply one of convenience, and for temporary local use as applied to a series of beds in 
the vimniiy, and signifying nothing more than those local beds ; simply a name used instead 
of a long phrase to convey certain peculiarities in texture, &o. It is one of many such short 
names which, used for a time merely locally, give place to others when relations and connec- 
tions have been tracied out. It has therefore never bew nuMished or used in any other way 
than as a term of convenience among the offiem of t wlpologitsil Department. It is in fact 
meaningless without definition. 

But having thus been used, I may state that the local beds so called " Kamptee** are nothing 
more nor less than the Central Indian representatives of the great Pancket series of rocks, 
so well seen in the Banigujg coal-field, still oetter developed in the Jherria, the Bokaro, the 
Karunnura, and other detached coal-fields towards the west, and which series of rocks can 
be (ana have been^ traced across all the interveiung countir up to Nagpur and Chanda. 
And as in the Bonigunj field, so in every other section exposed throughout the hundreds of 
miles of countiy (thousands of square miles) not a trace of coal is Imown to occur in them. 
This induction is far wider and mr more satisfiu^tory than any examination of the Central 
Provinces alone could afford. 

But, in addition to this, accompanying this extension and development of the Panchet 
series, there is, from east to west, a steady and continuous but rather rapid diminution of the 
true coal-bearing rocks (the Ifamuda senes), so that the formation which in the east is of 
several thousand feet in thickness, with more than one hundred beds of coal of varying 
thickness, and which is there easily divisible into three groups, on passing to the west so 
dwindles down, that, in the Nerbudda valley and in the Chan^ field, the total thickness of 
the formation does not exceed as many hundi^ feet as it was thousands in the east, and that 
dl the coal is confined to a few beds of great irregnlariiy near the base of the series. These 
facts also have been established not by any lo<»l investigation, but by a long continued and 
systematically carried out series of examinations and measurements spread over hundreds of 
miles of the country. 

There appears not a doubt as to the fact that coal does not occur in the Panchet rocks. 
There is e<}uwy no doubt that coal is not in the Takhir rocks below, and the simple point 
that remams to be proved in the Ohanda field is the extent, thickness, and value of the coal 
which does accompany the Damuda rocks. If the country were not so much covered the 
limits of these rocks could readily be traced; there is no difficulty in distinguishing them. 
But unfortunately there is a large port so concealed by superficial deporits that the existence 
of these coal-bearing rocks must oe ^bed out by bori^. And this is what is now being 
done l^ the Geologiw Survey for the Government of India- 

The borings at 0 Wda and at Ballai^ur given above ore additional prc^fs of the veiy 
limited thickness of these rocks. The entire thickness of the Damuda series, as it there 
together with all the overlying beds, is said to have been passed through within about 
Sit Of this more ^an one-i£iid belongs to the uppereeries, leaving the thickness of 
the onto Damuda or coal-bearing formation here not more thati about 150 met ! 


The IBih October 1869. r«r 


T. Olphau, 
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T.ttAT^ in the Baxpub District : Cbntbal Pbovibcbs. — To the infonsation already given 
regarding lode of lead-oie but little has been added einee then (see Beoords, Geological 
Siurey of India, 1862, Ft. 2, 37). At the doae of the eeaeon, llr. Smart, the Bevenue 

Surveyor engaged in Giat dutnct, completed a small plan of the locality and immediate vicinity 
on a scale of four inches to the vme. He found firaments of the metallic vein scattered 
upon the top of the hill, on which it was seen for a distance of half a nule &om the spot 
wnere it was discovered bust year. ‘ The direction of dip of the vein could not be ascertained 
owing to the confused and fractured arrangement of tbe sur&ce rocks.’ Mr. Smart had no 
means of proving the vein. 

1 hope to be able to have the locality examined this season. — T. 0. 

Mbxbobitbs. — ^To the kindness of Dr. Waldie we are indebted for the remaining 
portion of the specimen of the Khetree stone, (fell February 1867), which he analysed 
with care, and of which he gave an excellent description at the meeting of the Asiatic Sodetv in 
June 1869. Dr. Waldie states how it is frequently so difficult to procure specimens of these 
highly interesting bodies lehich fall from the heavens, as the people, in their ignorance 
losing upon such visitors as evidence of the wrath of their deities, carefilly reduce to 
powder and dissipate all the pieces which they can procure. ^ Only two pieces are known to 
exist, both small $ one is in the coUsotion of the Asiatic Sociefy, and this one in the collection 
of the Geological Survey. 

From Dr. Tschermafc, the success of the much regretted Dr. Moritz Hornes, in charge 
of the Impeiial Mineral Cabinet at Vienna, we have also received a very good specimen of 
the Ml which occurred at Slavetid, in Croatia, on the 22nd May, 1868, and described by the 
indefatigable Haidinger, on the 3rd December, 1868, to the Academy of Sciences, Vienna. 

Also, a specimen of the Ornans (Doub) Ml, of which we were already in possession of 
a fine piece through the good offices of M. Marcou, (see Becords, Geological Survey of India, 
February, 1869). This fall took place on 11th July, 1868. 

Also, a specimen of the very interesting stone which fell at Krahenberg near Zwei- 
briicken (Pfalz) on the 6th May, 1869. 

These vcduable additions to our numerous collection ore further proofs of the friendly 
aid and co-operation we have invariably experienced from the Geologists of Austria. 

October^ 1869. T. Oldham. 

ACCESSIONS TO LIBBABY. 

Fbom 1st July to 30th Sefcbmbeb. 

Titles <f Books. Donors. 

Ball, John.— A Guide to the Eastern Alps, 12mo., London, 1868. 

Babbande, J. — 1. Bdapparition du genre Arethnsinaf Barr. 

II. Fauna Silurienne des eSavirons de Hof en Bavibre, 8vo., Leipzig and 
Paris, 1868. The Authob. 

Beaumont, Elib de. — ^Bapport sur les progrbs de la stratigraphie. Beoueil de Bapports sur 
rbtat des lettres et les progrbs des sciences en France, Boy. 8vo., 
Paris, 1869. 

Benegee, Db. E. W. — Gleognostisch-Pabeontolbgische Beitrttge, Vol. II, Part 2, Boy. 8vo., 
Miimch, 1869. 

Beneden, Van, and Gebvais, Paul.— Ostdographie des Cdtabds vivants et Fossiles, Parts 2, 
3, 4 (with Plates), 4to., Paris. 

Bebnabdx, Le Chevalieb, a. C.— Mbnogxaphie des gexkSes GaittUea et Msckeria, 4to., 
Paris, 1860. 

Bbauns, Db. D.— Der ndttlere Jura im nordwestlichen Deutschland, 8vo., Cassol, 1869. 
Bbbmneb, D.— *The Industries of Scotland* thdr Biso, Progress, and Present Condition, 8vo., 
Edinburgh, 1869. 
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'Blb^jLlKt 0 s-*AussXT.---Mat£riaux pour T^tude des glaciers. Vol. Vlll, FM 2 , 8 vo., Paris, 
1809. 

Edwabds* Milns.— B echerches Anatomiques et Paldontologiques poor serrir ft I’histoire des 
oiseaux fbssiles de la Prance, Paris 26 to 30, 4to, Paris, 1867. 

Eichwald, E.— Lethaea Bossioa, ou Paldontologie de la Bussie, Part 12, with Atlas, 8 vo., 
Stuttgart, 1869. 

G^tais, Paul.— Zoologie et Paldontologie gdndrales. Parts 10 and 11, 4to., Paris, 1869. 

Haceett, T. B.— Geobgical and Mining Beport of the Gympie Gold Field, Pep., Gympie, 
1869. The Authob. 

HAvaHTOK, Bev. S,-*Tho Three Kingdoms of Nature briefly described, 8 vo., London, 1868. 

llAuaHTOK, Bev. S.<— On some elementary principles in Animal Mechanics (From the Pro- 
ceedings of theBoj^ Society, No. 94), 8 vo., London, 1869 (Pamphlet). 

The Authob. 

Kabsten, Db. Gustav. — Beitrage zur Landeskunde der Herzogthiimer, Schleswig und 
Holstein, ll, Beihe, Heft 1, 4to., Keil., 1869. 

Labtbt, E., and Ohbistt, H. — Beliquiae Aquitanicae, Parts 8 , 9, 4to., London, 1868. 

Liedehan, Mobitz.— Die arktischo Fischerie der Deutschen Seestadte, 1620 — 1868. Peter- 
mann’s Geographische Mittheilungen, Supplement, No. 26, 4to., 
Gotha, 1869. 

Lottneb, Bebobath Heine.— Leitfaden zur Bergbaukunde, Band II, Part 2, 8 vo., Berlin, 
1869. 

Mabsh, G. P.— Man and Nature ; or, Physical Geography as modified by Human Action, 
8 vo., London, 1864. 

Mabtini und Chemnitz^— Systematisches Conchylien-Cabinet, Lief., 190, 191, 4to., Ntirn- 
berg, 1869. 

Mastebb, M. T.— Vegetable Teratology (Published by Bay Soc., London), 8 vo., London, 
1869. 

Muib, J* — Original Sanskrit Texts on the Or^in and History of the People of India, their 
Beligion and Institutions, Yol. HI, 8yo., London, 1868. 

• Govt, op India. 

Neilbeich, Db. A.— Di^osen der in Ungam und Slavonien bisher beobacliteton Gefass- 
p^zen, 8yo., Wien, 1867. (Published by K. K. Zool. Bot. Gesellsch., 
Wien). 

Odlino, WiLLiAH.— a course of six lectures on the chemical changes of Carbon, 12mo., 
London, 1869. 

OosTEB, W. A., UND P. VON C.— Protom Heli^ca, Mittheilungen aus dem Berner Museum 
der Naturgesfdiichte, Ac., 1, 4to., Bern, 1869. 

Page, Db. David.— Ch^s and Chapters, a book for Amateur and Young Geologists, 8 vo., 

Ppxipfbb, Db. L.— Malakozoologische Bketter, Vol. XVI, 3—8 Bog., 8 yo., Cassel, 1869. 

Pictet, F. J. — Matdriaux pour la Paltoitolope Suisse ou reoueil de monographies sur les 
fossues du Jura et des Alpes, 4th Series, PaiiE 10 , 11 , 4to., Geneva, 1868. 

Quenstedt, F. a.— P etrefactenkunde Deutschlands, 1st Division, Vol. II, Parts 2, 3, with 
Atlas, Svo., Leipzig, 1869. 

BOBCOE, H. E.— Spectrum Analysis, 8 vo., London, 1869. 

ScHuauNN, J.— Die Diatomen der bbW Tatra, 8yo., Wien, 1867. (Published by K. K. Zool. 

^ Bot- Uesellsoh., Wien). 

TwEtf BOW, Major Genbbal G«-Facts and Fossils adduced to prove the ^eluge of Noah, 
8 vo., Loudon, 1869. 
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W9ITR]SY> J* D.*— The Tosemite Giu^Book: A desaription of the ToaeWte YaJloy and 
the adjacent region of the Sierra Nevada, and the big trees oi‘ 
California, 8vo., Cambridge, 1869. 

WiKNEBTZ, JoH.—Beitrage zu einer Monographie der Sciarien, 8vo., Wien, 1867. (Published 
by K. K. Zool. Bot Gesells, Wien). 

Pbbiodicals. 

American Journal of Conchology, Vol. IV, Part 5, 8vo., Philadelphia, 1869. 

American Journal of Science and Arts, 2nd Series, Yol. XLYII, No. 141, 8vo., New Haven, 
1869. 

Annals of Indian Administration in the year 1867-68, Yol. XllI, Part 1, 8vo., Serampore, 

1868. The Govt, op India. 

Annab and Magazine of Natural History, Ac., 4th Series, Yol. Ill, Nos. 17, 18, Yol. lY, 
Nos. 19, 20, 8vo., London, 1869. 

Engineers' Journal, New Series, Yol. XII, Nos. 19 — 21, 4to., Calcutta, 1869. 

Geological Magazine, Yol. YI, Nos. 59, 62, 8vo., London, 1869. 

Journal de Conchyliologie, 3rd Series, Yol. IX, No. 3, 8vo., Paris, 1869. 

Neues Jahrbuch fur Mineralogie, Geologic und Palmontologie, Parts B, 4, 5, 1869, 8vo., 
Stuttgart, 1869. 

Novitates Conchologicae, I Abth., 34 Lief., 4to., Cassel, 1869. 

Novitates Conchologicae, II Abth., 14 Lie£, 4to., Cassel, 1869. 

Paheontographica, Yol. XYII, Part 2, 4to., Cassel, 1869. 

Petebhann, He. A,— Geographische Mittheilungen, Heft. lY, Y, YI, 1869, 4to., Gotha, 

1869. « 

Professional Papers on Indian Engineering, Yol. YI, No. 24, Boy. 8vo., Boorkee, 1869. 

Pbincipal, Thomason College. 

Quarterly Journal of Microscopical Science, New Series, No. XXXY, 8vo., London, 1869. 
Quarterly Journal of Science, No. XXIII, 8vo., London. 1869, 

Becords of the Geological Survey of India, Yol. 11, Part 3, 8vo., Calcutta, 1869. 

Geological Subvey op India. 

Bevue universelle des mines, de la Mdtallurgie, des travaux publics, Ac., Yols. XXY A XX YI, 
Nos. 1 A 2, livr., 8vo., Liege, 1869. 

Zeitschrift fiir die gesammten Naturwissenschaften, Yol. X XX II, 8vo., Berlin, 1868. 

Nat. Hist. Soc., Halle. 

Govebnubnt Selections, Ao. (fbom the Ootebnmbntb). 

Bengal. — General Beport on Public Instruction in the Lower Provinces of the Bengal 
FreBiden< 7 , 1867-68, with Besolution, 8vo., Calcutta, 1868. 

The Govebnment op Bengal. 

„ Beport of the Meteorolo^cal Beporter to the Government of Bengal for the year 
1868-69, ww Meteorological Abstract for the year 1868, Pep., 
Calcutta, 1869. The Govebnhbnt op Bengal. 

BoMBAY.-^Official Cones^ndence relating to the System of Bevenue Survey and Assessment 
and its administra&n in the Bombay Premdency, 8vo., Bombay, 1869. 

The Bombay Govebnment. 

British Bubmah.— E^rt on Hospitals and Diapensaries for 1867-68: Extract from 
iWeedings in the Home Department, No. 268, Boy. 8vo., Maulmain, 
1869. Chief Comiobbioneb of Bbitibh Bubmah. 
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British Bubmah.— British Barmah Criminal Justice Beporti 1867 s Extract from the 
Proceedings of the Chief Commissioner, British Burmah, in the 
Home Department, No. 94, 8vo., Bangoon, 1867. 

Chief Commissioheb of Bbztxsh Bubmah. 

„ British Burmah; Home Department (Police) Annual Police Eeport, 
1868, Roy. 8vo., Rangoon, 1869. 

Chief Commibsioneb of Bbitish Bubmah. 

„ Annual Report on Criminal and Civil Justice in the Courts of the 
Recorders and in the Small Cause Courts of Rangoon and Maulmain 
during 1868, 8vo., Rangoon. 

Chief Commissiokeb of Bbitish Bubmah. 

C^ENTBAI Pbovincbb. — Report on the administration of the Central Provinces for the year 
1868-69, by J. H. Morris, Esq., 8vo.', Nagpore, 1869. 

Chief Commibsioneb of Central Pbovinges. 

India. — Selections from the Records of the Government of India, Home Department, 
No. LXXI, 8vo., Calcutta, 1869. The Government of India. 

„ Annual Report on the convict settlement of Port Blaii* for the year 1867-68, 8vo., 
Port Blair, 1868. The Government of India. 

Reprint, No. 16, of Records in the Public Works Department. Progress Report of 
Porest Administration in the Province of Oudh, 1867-68, by Captain 
E. S. Wood. Fcp., Calcutta, 1869. 

The Government of India. 

Madras.— -Selections from the Records of the Madras Government, No. XI. Report on 
Public Instruction in the Madras Presidency for 1867-68, 8vo., 
Madras, 1868. The Madras Government. 

Selections fronf the Records of the Madras Government, No. XIII. Report on 
Uncovenanted Service Examinations in Madras Presidency, Roy. 
8vo., Madras, 1869. The Government of Madras. 

The Madura Country : A Manual compiled by order of the Madras Government, 
by J. H. Nelson, Esq., in iive parts, 8vo., Madras, 1868. 

The Government of Madras. 

A Manual of the District of Yizagapatam in the Presidency of Madras, compiled 
by D. F. Carmichael, Esq., 8vo., Madras, 1869. 

The Government of Madras. 

Medical Department.— A Sketch of the Medical History of the Native Army of Bengal 
for 1868, by Surgeon Major J. T. C. Ross, Poolsc., Calcutta, 1869. 

Inspector General of Hospitals. 

Mysore. — Report on Public Instruction in Mysore for 1868-69, 8vo., Bangalore, 1869. 

Chief Commissioner of Mysore. 

N. W. Provinces. — Report on Meteorological Observations in the North-Western Provinces 
of India, 1868, by Murray Thomson, Esq., Foolsc., Allahabad, 1869. 

The Government, N. W. P. 

Oudh.— Annual Report of the administration of the Province of Oudh for the year 1868-69, 
8vo., Lucknow. Chief Commissioner of Oudh. 

„ Report upon the progress of Education in the Province of Oudb, 1868, Foolsc., 
Lucknow, 1869. Chief Commissioner of Oudh. 

. Report on the Police administration in the Province of Oudh for 1868, Foolsc., 

Lucknow, 1868* Chief Commissioner of Oudh. 

,, Report upon the administration of Civil Justice in the Province of Oudh, 1868, 
Fdolsc., Lucknow, 1869. Chief Commissioner of Oudh. 
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OuDH.— Beport on the administration of Criminal Jnstioe in the ProTince of Oadh, 1868, 
FoolsCf, Lucknow, 1869. 

Chief Coicmissioneb of Oudh. 

„ Report on the condition and management of Jails in the province of Oudh, 1868. 

• Foolsc., Lucknow,, 1869. Chief Commissioner of Oudh. 

IVnjab. — S elections from the Records of the Government of the Punjab and its Depend- 
encies, New Series, No. Ill, on Boloch Tribes in the Dera Ghazi 
Khan District, by Captain C. Minchin, 8vo., Punjab, 1869. 

The Government of the Punjab. 

„ Selections from the Records of the Government of the Punjab and its Dependencies, 
New Series, No. IV. Administration of the Bahawulpoor, Chumba, 
and Patowdie States. 8vo., Punjab, 1869. 

The Government of the Punjab. 

„ Selections from the Records of the Government of the Punjab and its Depend- 
encies, New Scries, No. V. Tea Cultivation in the Kangra District. 
8vo., Punjab, 1869. The Government op the Punjab. 

„ Annual Report on Meteorological Observations, 1868, by A. Neil, Esq. Fcp., 
Loodiana, 1869. The Government of the Punjab. 

„ Results of Tour in Dardistan, Kashmir, Little Tibet, Ladak, Zanskar, Ac. The 
Languages and Races of Dardistan. Vol. I, Parts 1, 2, by G. W. 
Leitnerj^Esq., 4to., Lahore, 1869. 

The Government op the Punjab. 

Rooreee. — Thomason Civil Engineering Colley, Roorkee. Annual Examination, August, 
1869. Report at the close of the session, 1868-69. Pep., Roorkee, 
1869. Principal, Thomason College. 


Transactions of Societies, Ac. 

Bombay. — Transactions of the Bombay Geographical Society, from January 1865 to December 

1867. Vol. XVIll, 8vo., Bombay, 1868. The Society. 

Calcutta.— Journal of the Asiatic Society of Bengal, Vol. XXXVIII, Part II, No. 3, 8vo., 
Calcutta, 1869. The Society. 

„ Proceedings of the Asiatic Society of Bengal, No8« 7, 8, 9, 8vo., Calcutta, 1869. 

The Society. 

Dublin. — Journal of the Royal Geological Society of Ireland, Vol. II, PaJrt 1, 8vo., Dublin, 

1868. The Society. 

Kosnigsberg. — Schrifton der Koniglichen Physikalisch-Oekonomischen Gesellschaft zu 
Konigsberg, IX, Abtheil, 2, 4to., Konigsberg, 1868. 

London. — Journal of the Society of and of the Institutions in Union, Vol. XVII, 
856—871, 8vo., London, 1869. The Society. 

„ Journal of the Royal Geographical Society, Vol. XXXVIII, 8vo., London, 1868. 

The Society. 

„ Proceedings of the Royal Society, Vol. XVII, Nos. 111—113, 8vo., London, 1869. 

The Society. 

„ Proceedings of Royal Geographical Society, Vol. XIII, No. 2, 8vo., London, 1869. 

The Society. 

„ Quarterly Journal of the Geological Society, Vol. XXV, Parts 2, 3, Nos. 98, 99, 
8vo., London, 1869. The Society. 

„ Report of the ThirW-E^hth Meeting of the British Association for the advance- 
ment of Science, held at Norwich in August, 1868, 8vo., London, 

1869. 
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MAircBBaTBB«*^Proo 0 edi]ii?tt of tibo Ldtoroiy and Philooopliical Scxdety of Mflncliester, Vol. V, 
1865-66; Yol. VI, 1866-67 ; YoL YH, 1867-68, 8yo., MancheBter, 1868. 

The Society. 

„ Memoirs of the Liters and Philosophical Society of Manchester, 3rd Series, 

Yd. Ill, 8vo., London, 1868. The Society. 

NoETHUJiBEBLANP.^Nataral History TransaotionB of Northumberland and Durham, 
Yd. Ill, Part 1, 8to., London, 1869. 

Fabis. — BuUetin de la Sooidtd Gdolo^qne de France, 2nd Sdrie, Yol. XXY, No. 5 ; Yd. XXYI, 
No. 2 ; 8vo., Paris, 1868. The Society. 

Philadelphia.— Journal of the Franklin Institute, 3rd Series, Yol. LYIl, Nos. 4, 5, 6, 8vo., 
Philadelphia, 1869. Feanklih Institute. 

St. Petessbusg. — ^B ulletin de V Academie impdriale dee Sciences de St. Fetersbourg, 
Yol. 2^11, Nos. 4, 6, 6, Y^ XIY, No. 1, 4to., St. Batersbourg, 1869. 

Tobonto.— Canadian Journal of Sdenoe, Literature and History, New Series, YoL Xll, 
No. 2, 8vo., Toronto, 1869. Canadian Institute. 

Vienna. — ^YerhajidlungenderK.K.Zoologiach-BotaniBchen Gesellschaft in Wien, Yol. XYIL 
8vo., Wien, 1867. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, Mathematisch- 
Naturwiasensohaftllcbe Classe, Ist Division, Yol. LYII, Farts 4, 5. 

2nd Division, Yol. LYll, Farts 4, 5. 

Yd. LYIll, Part 1 ; Roy. 8vo., Wien, 1868. 

The Academy. 

Maps, Ac. 

Haueb, Fbanz Bitt. von. — GjK^ogische Uebersichts-karte der oesterreichisch-ungarischen 
Monarchie,*lMch den Aufiiahmen der K. K. Geologischen Beichsan- 
•taltr— Blseth^os. 1 und II, 8vo., Wien, 1869. 
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On thb Geology of Mount Tilla in the Punjab, by A. B. Wynne, F. G. S., 
Geological Survey of India. 

The fine hill which forma the . subject of this brief memoir rises between the eastern 
termination of the Salt Kange proper and the outworks of the Western Himalaya where 
the river Jhelum emerges from tliem to traverse the vast plain of the Five Fivers which 
united in the Lower Indus (or Sind) reach the sea near Kurrachi. 

It is one of three or four minor ranges, all of which form links more or less between 
the Himalaya and the Salt Range. 0£* these the parallel chain of the Bu krai a Hills 
to the north seems to form the most continuous connexion ; but Mount Tilla exceeds them 
all in height, reaching an elevation of 3,242 feet above the sea. It runs generally north- 
easterly by east, commences abruptly at its western end, and continues thence lofty for 
about ten miles, when it sinks rather suddenly into high ravine ground, with elevations 
of over 1,200 and 1,300 feet, for about twelve miles further, past the extensive mined fortress 
of lihotas. It terminates in low rounded hills a few beyond this point, projecting 
into the commencement of the alluvial plains oftheriv^r Jhelum. It is widest where 
most lofty, having a base of three miles, but the exten^n of the range to the eastward is 
on an average not less than two and half miles in wid^. 

Neither the Mount Tilla range nor that of Hprala to the north appear to have 
any strong relation to the drainage depressions of country in their immediate vicinity, 
both of these ridges and the valley between being^ MfMied by the usually dry or nearly 
dry courses of streams, occasionally powerful, as indicated by the depths of their gorges 
and great width of their sandy beds when the currents become slack. With the Jhelum, 
however, ordinary relations seem to exist after it has left the Himalaya ; the direction of 
the Tilla range coinciding more or less with that of the river, and the ground falling 
generally towards the latter — except where one of the other chains or groups of hills inter- 
venes — on the southern side of the ridge.- 

The existence of Mount Tilla as a striking feature of the country — ^that of Chambal 
to the south, of the Bukrala range to the north, and indeed perhaps of the whole Sal t^ 
Range itself— is, through denudation, directly due to huge dislocation of the stratifi^ * 
rocks, placing certain of the bods of greater or less strength in abnormal contact with 
others possessing difierent degrees of Resistance to disintegratmg forces. The chief line of 
dislocation affecting Mount Tilla passes along its southern base, obliquely separating the 
lofty portion from the lower extension to the e^t, and is perhaps continuous westward, 
though concealed, to the great fracture lying in the bed of the Boonhar river, which 
separates the adjacent porUon of the Chambal range from the western termination of 
Tilla, completely discordant dips occurring on each side of the here constricted channel. 

As results of the forces, or of similar forces te> j^ose, which caused this and other 
fractures, the whole strata of the countiy have been subjected to violent contortion, one 
of the finest curves being the interrupted anticlinal formed by the rtrata of Mount Tilla 
itself and traceable round its western end nearly to the line of dislocation occupying the 
4ower gorge of the Boonhar.* 


* On one of the early days of last April a somewhat sinfpilar occnrrence was observed from the higher ports 
of Mount Tilla. The was warn and bright, and a very strong breese blowing, so much so that travemg 
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The denuding agencies acting strongly upon the varying consistencies of the rocks of 
this country have not only produced dominant features coinciding with the principal 
contortions and dislocations, but in much more minute detail caused their stratification so 
to govern the fonns of the ground that the minor contortions in many cases become plainly 
visible in the ornamental hill-shading iwn the very excellent one-inch (to the mile) maps 
produced by the Topographical Survey. This is much most prominent in the soft tertiary 
rocks which form so much of the surrounding country stretching far into the outer Himalaya ; 
and it is partly a consequence of the steepness of the angles at which the strata are inclined 
in various directions. A wide belt of these tertiary' rocks is known to border much of the 
Western Himalaya. Those which underlie them in the hills between the Ganges and 
Ravee have also been ascertained and described by Mr. Medlicott in one of the Survey 
Memoirs. Westwards or north-westwards from the Ravee river this succession has not 
yet been clearly worked out, but what is known renders it probable that the geology of 
this part of the hills will be found a continuation of that to the south-east. The very 
interesting Salt Range also exppses rocks older than this tertiaiy series which have 
not hitherto been identified with the infra-tertiary rocks of the Himalaya range. These 
lower roc.ks of the Salt Range, however, exhibit IocaI changes, going from east to west, 
chiefly by the admission of new zones and by increase or diminution of thickness, and 
present a marked absence of all metamorphic strata. Hence it becomes a fair inference 
that the formations inferior to those of the tertiary belt above alluded to, and the con- 
ditions which produced them, had very considerably altered within the large area indi- 
cated ; and some knowledge of the region wherein the transition commences would be 
very desirable. This region cannot be yet pointed out, indeed it may very possibly be 
entirely concealed by the newer rocks; but Mount Till a is one of the nearest known 
places to the Himalaj’a range whore the rocks next beneath the tertiary belt appear, outside 
or within its limits, as these may bo assumed. These lower rocks appear only at the top 
and southern side of the lofty western part of the mountain, the extension of the ridge 
from this to beyond Rhotas being formed of the tertiary beds. 

The section afforded by the bill is as follows in descending or natural order :•— * 


«• ’•-■“"I “”i si-ju. 

5. Numniulitic limestone 

^ f lied shaly and flaggy zone, with \ 
psoudomorphic crystals j 

3. Pseudo-limestone and compact sandstone zone 
2. Black-shaly zone ... ... ^ 

Purple sandstone zone ... ... 


1. j Purple shale and 
Red saline marl 




Saline group 


Average thieJeness. 

( Only part in section, 
* ■ 1 about 6,080 feet. 
Maximum 30 „ 

CVery van-) J 20 

•• (.able, about ” 


If 


150—200 
200 
250—300 
100 
20— 30 


a knife-edge surmounting a precipice of several hundred feet in height, it was found necessary to proceed on 
all-fours. The wind came iVom the northward in such a way that much of the nearly two-mi I es-broad channel of 
the Boon har river to the south just below the mountain would have been thought sheltered, tio far tVom this 
bdng the case, it was horc( only that Uio galo seemed to take ell'ect, raising vast clouds of sand, completely 
obscuring the distant country, while on either side beyond the limits of the mountain where the 
river course was not so sheltered the equally diy sand was not seen to rise at ulh My guide observed, “ the winds 
are bom on Tilla,” and it certainly seemed as if its great mass had so inihicuced the temporaturo of the air that 
the storm was local, or its strength limited to the vicinity of the misuntain : or it may have been an eddy behind the 
obstruoting hill-masB.~A. B. W. 


* For the purpose of comparison with the distant succession between the Ganges and Bavee, the following 
general section is abstraoted from Mr. Hedlicott*8 Memoir 


8ub-Himalaga» Seriee. 

Upper Sivalik 

Middle Nahun 


Lower ... ... Snbathu 

JSimalavan Series, 
Unmetomorphic— 

Krol ... ... KrolHill 

Infra-Krol ... ditto 

Blini Blinl River 

Tnfra-BUni . . Simla 
Metamorphic 


... Conglomerates, sandstones, and clays. 

... Lignite sandstonos and clays. 

/ Kasooli, gray and purple sandstones. 

... ^ Bugshai, purple sandstones and rod clays. 

(.Subathu, line silty clays, with Ximeetone.’—fNutnmulUicJ. 


... Limestones. 

... Carbonaceous shales or slates. 

. . . Limeslono and conglomerate. 
... RIates. 

... Crystalline and sub-cry»tolli«e 
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Comparing the two sections, it will be seen that the Nahun and Subathu groups, excepting 
the lowest portion of the latter, are probably unrepresented on Mount Till a; purjde sand- 
stones, if occurring at all, being quite insejjarable from the*remaindor of the lower tertiary 
sandstones and clays, which, from their fossils, were identified by the late Dr. Falconer with 
the Sivalik rocks. 

But little of the nummulitic (P Subathu) beds are seen at Tilla; and there is no 
appearance here of the unconformity to their underlying strata recorded by Mr. Medlicott, 
though this %ould not bo reason for its non-existence. Omitting the red shafy and fiaggy zone 
of Mount Tilla, — which is variable in thickness and not always present, — some parallel 
may exist between the calcareous pseudo-limestone with its underlying black sbaly zone 
and the Krol and infra-Krol groups of Mr. Medlicott’s unmetamorphic Himalayan series; 
but even with the aid of that gentleman’s able memoir it would bo hazardous at present to 
attempt the correlation of these rocks. 

Several beds of the sections to the westward have disappeared at Tilla; notably the 
black-shale group beneath the nummulitic limestone, dbntaining all the coal and coaly 
deposits of the eastern portion of the Salt Bange, and which can hardly bo said to be repre- 
sented by a few traces of dark coloured shale, existing where they ought to come in. 

The true red salt-marl of the Salt Range makes but a very poor show along the 
southern base of Mount Tilla. It can be seen in some places near the villages ol‘ Nara. and 
Find Sevicki, but is greatly overrun and concealed by dctrital accumulations From the 
cliffs and hills above. Only 20 or 30 feet have been given for it in the section ; tb(‘ tliiclnn*ss 
would, however, doubtless much exceed this if it could be well seen. It is of ilie usual 
bright red color, and gypseous saline nature ; but althougli salt has been manufactured 
from the impregnated water it discharges, no actual rock-salt has been found in it. 

The upper portion of the marl is, as usual, purple, and more shaly, and is frequently 
seen at the base of the purple sandstone clifis. Its thickness, as estimated, may be too 
great, but allowance has been made for a portion that is unseen in most of its exposures. 

This shaly portion of the marl passes up rapidly into strong purple sandstones of exacjtly 
the same color. They are generally fine grained, have no ^Imles scattered through them, 
and, from being somewhat saline, have white eifiorescenQ||l|^' yielding easily to the weather ; 
they contain spangles of mica ; and the stronger beds, froth the ease with which they can bo 
dressed, are used as building stone. The thickness of this rock, from causes to be presently 
pointed out, is sometimes deceptive. It fonns a very considerable portion of some of the 
finest cliffs, where it cannot be much less than 800 feet, though in such situations its depth 
could be only estimated. ^ 

Next above the purple sandstone is a strong bapd of dark colored gritty shales and 
lighter colored sandy nags and layers (2) ; the whole haVing a lumpy aspect, and glistening 
with mica ; the deposition surfaces are frequently ^loi^y and covered with black earthy 
films. In these beds anneliAan, crustacean or markings are numerous ; and else- 

where they have furnished the earliest traces of distinct fossils in the Salt Range, these con- 
sisting of small bivalve shells as yet undetermined ; strong ripple-marks also occasionally occur. 
Resting immediately upon this shaly zone is a massive band of compact silicious sandstones 
and sub-calcareous rocks (3) of light color, often nearly white. Some of them are brccciatcd 
or pseudo-conglomeratic; and many, under the influence of th^ weather, assume the 
peculiar fantastic forms of decomposing limestone. A specimen of the latter variety from 
Mount Tilla yielded on analysis, according to Dr. Fleming, nearly equal parts of white 
quartzose sand, carbonate of lime, and carbonate of magnesia. Their rough aspect and 
a peculiar surface appearance, as if likely to contain fossils, has led to frequent searches, but 
nothing of organic form has been found beyond the obscure tracks noticed xn the foregoing 
group. The beds are frequently massive ; this character, their strength and the association with 
softer beds below, having doubtless been the first conditions that resulted in the fine cliffs 
along the southern fece of the range. Many valuable bulling stones could be obtained 
from this group, and some are said by Dr. Fleming to high polish (Jour., Asiat. Soc., 

Beng., VoT. xxii, p. 266). 

The next overlying group (4) is largely developed only at the western end of the range. 
It presents a strong contrast to that just mentioned, being formed of deep-red flags sind 
shales, sometimes spotted with green, the flaggy slabs being often studded with projecting 
angles of casts of cubic crystals, the mineral — in all probability salt— having been entirely re- 
placed by sand. The flaggy layers are frequently of light color internally, the bright-red hue 
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being derived from the intervening earthy shale layers highly charged with iron-oxides. The 
latter become more numerous upwards, until the superior portion of the I^nd is found to con- 
sist entirely of crimson and purple clay or shaJe."* This group occupies a good deal of the 
ground from near Find Sovicki by Choya Goojaron-ki, and above Kara; beyond which 
place it passes to the north side of the mountain, becomes thin, and thereafter is seen but 
fugitively here and there as well as near the summit.* 

In some spots, particularly on the northern slopes of the mountain, ve^iges of the 
nummulitio limestone group (6) so largely developed westward are appai*ent, resting either 
upon the red zone or, in its absence, upon the strong band beneath. It is seldom at all 
clearly seen ; generally appearing as a thin white streak of debris, somewhat shifted and 
borne down the hill, aiid often overrun by other detritus ; but at one spot, where rather 
thicker than usual, it was found to consist mmnly of the white, lumpy or yellowish variety 
usually occurring near the base of the ^oup. Some gray, compact beds overlie this; 
and there are traces of a few dark shales in its lower part, as also of a peculiar bed of 
compact, variegated, red and white clay rock, frequently observed elsewhere at the base of 
this limestone group. The rocks on Mount Til la contain but few of the numerous fossils 
of the group so far as could be seen. 

A small outlier of this limestone occurs below tlie road north-east of the houses on the 
summit of the hill, having suhridedyvith the other strata along a fault ; and in the opposite 
direction, just beneath the precipice on the edge of which the highest bungalow is perched, 
remnants of the variegated clay-bed Wore mentioned indicate that the limestone has 
barely been removed if, indeed, some of it in situ is not concealed by sub-aerial rain-wash. 

The inferior portion of the Sivalik group (6), which rests apparently with complete con- 
formity upon the nummulitic limestone, is mainly composed of strong, gray sandstones of 
rough texture and softer nature than any of those lower in the series. Thick beds of 
lumpy pseudo-conglomeratic shale also occur, and some beds of red, shaly or marly clay. 
Large fragments of silicifled fossil wood are very numerous in some localities, particularly 
on top of the western end of the mountain. Over these clays conies a broad zone in which the 
sandstones alteroate with tliick beds of red clay at the northern base of the hill for fully 
1,600 feet ; and this zone is succeeded by another of probably much greater thickness, 
in which the intercalated beds of clay are of a pale brown color, there being little difference 
in the sandstones throughout. 


The less elevated continuation of the ridge from Mount Tilla proper on by Khotas is 
formed almost entirely of what appear to be tlm lower portion of these ISivalik rocks, greatly 
crushed and contorted, generally inclined at TOep angles to the north-west, hut in some 
places more nearly horizontal; while contrary dips occur on the Jhelum (or south-east) side 
of this extension of the ridge. 

To the eastward and east by north of Khotas, the termination of the Tilla chain is 
fringed by low, rounded hills of loose conglomerate or pebble beds, mainly composed of 
smooth well-worn limestone and metamorphic rock debris. These pebble beds also appear, 
generally in a disintegrated state, in the fine anticlinal section of the Kahan gorge near 
Khotas, and in one place were seen to rest unconformabljr upon the Sivalik rocks ; but, 
owing to the extremely inwherent nature of the rock and its liability to have its detwis 
re-arranged by atmospneric action, this cannot be asserted without considerable doubt; 
tbougb to the east, along and near the Grand Trunk Road, the general arrangement of the 
conglomerate seemed discordant to the undulating dips of the Sivalik beds ; while the way 
in which the hills were overrun with pebbles and boulders left small hope of satisfactory 
evidence being here obtained upon the point. ^ 

Besides the fossil wood observed upon Mount Tilla, some fine mammalian lemains were 
formerly procured from the Sivalik beds between that and Khotas, and were determined by 
Dr. Falconer, as alraady mentioned. A set of beds containing numerous imperfect fragments 
of these bones runs along the summit of this lower portion of the ridge close by the rood 
from Khotas to Tilla. near a place called Thnrbole. The bones were found in a frag- 
menta^ state, imbedded in matrix as well as lying loose upon the surface, but thou^ 
some time was spent in tlte search, few useful specimens unfortunately oonld be obtained* 
and, to proeute such, a subsequent and special mission would be probably required. ’ 


• ThethlnaiAr out of this red zone may, perhaps, be partly due to pressure and slippinff 
slope of the beds at the north -side of the hill, where the flagtry lower portion only is seen. 


on the highly inelinod 
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It will perhaps be observed that— though, as has been said, the lofty portion of the 
ridge of Mount Tula coincides with a fractured antichnal curvature of the strata which 
might be expected to assume appro? amate horizon tality on the axis of the ridge — the height 
of the hill is nven at over 3,200 feet, while the total amount of the thicknesses of groups in 
the sectional table only reaches about 1,000 feet, excluding the tertiary Sivalik rocks 
which mainly lie in the plain below and on the northern slopes of the hill. To ex];>]ain 
this seeming discrepancy, it ma^ be stated, that the height of 3,200 feet is attained 
by the mountain just at the point where the beds commence to turnover: 2n(]?, that the 
axis of the contortion rises towairds the summit of the hill : Brd, that 800 or perhaps 900 
feet must be allowed for the height of ^e general southern base (the outcrop side) of the 
mountain, and that a oonsidfjraDle sloping talus al)ove this is formed of supped masses 
and debris at the top of which the section of the vertical cliffs begins to become visible. 
Added to these there are thj^e, if not four, step-faults along the sonth-eastem side of the 
highest part of the hill, each of which repeats some portion of the strata, as seen in the 
accompanying sketch section ; — ^ 


Mount Till a. 

3242. 



ipcn Crti Vrr/ii-W MU* - 7i*t,ronoU 

Section acrofis MountTilla, lookinfr south-west. 

1. Purple sandstone. 4 Red, shaW, and flaginr zone. 

2. Rlock, shaly zone. 6, Nunamuiftic Itmestone. 

3. Fsendo-limostone and compaot sandstone. 6. Tertiary (Sivalik) beds. 

With regard to the physical structure of the remainder of the hill, the upper portion of 
the anticlinal curve expands to the west, beyond two deep coombs or glens, one of which opens 
broadly to the south, but enters into the very heart of the mountain ; this expansion of the 
arch being accompanied by so slight a southerly dip that the lower members of the series 
present, even to the lowest of all (the red marl), appear at the base of the hill along a line 
which sinks gently to the west-south-west. 

Along the Boonhar fault in this neighbourhood, some difference in the section is per- 
ceptible, the group No. 2 of the above figure having apparently thinned out both on the Tula 
and the opposite side of the gorge : the purple band beneath seems to be also thinner ; but the 
ground is much obscured by local slips, sm^ faults, and large detritus from the pseudo-lime- 
stone group which, with many nndu&tions, sheets the hilly ground or plateau about Choya. 

]^yond this plateau and above it a somewhat tortuous cliff-line extends along the brow 
of the hill, broa^ edged by the nearly horizontally rolling beds of the red, flaggy, and shaly 
hand ; while the tertiary strata of the plain beneath rise at a steep angle on the northerii 
slopes, and, like the crest of a wave, overlap the ridge, forming most of the lofty ground 
westward of tiie summit. 

The extreme western termination of the hill is very abrupt, and some complicated faulting 
occurs just at Find Sevicki, the last of the high ground being formed of the red, flaggv, and 
the underlying group, either vertical along a west-north-west lino ( coinciding with that of 
the Cham oaf scarp), or dipping with the steep ground at high angles to the westward, but 
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curving suddenly round the peak called Thob, at which place the north-westerly inclinations 
coihinence, that fix the steep character of all the northern side of the lofty ground. Bound 
thia peak of Thob, too, as a centre the strongly marked strata of the Sivalik (tertiary) 
group are boldly curved so as to enfold those which form the hill ; the former, all more or less 
on cage, being irequently so perfectly vertical that all trace of their outward dip is lost. 

At the north-eastern extremity of the lofty ground the dislocation of the rocks is 
accompanied by violent contortion both of the Sivalik and older hods, its intensity diminish- 
ing considerably along the lower extension of the ridge to the north-east. 

Gold is said to be washed from the sand of theBoonhar river. Its source is probably 
among the Sivalik sandstones and conglomerates, formed of Himalayan detritus. The 
washing is carried on after rain. 

^ The summit of Mount Till a, though affording small space of at all level ground, will 
doubtless attract attention as a sanitarium within easy reach of the Military station of 
Jhelum. It commands a splendid view of the snowy Pi r Pun jal range; is said to be, 
and most probably is, much cooler than the plains, for when visited on an extremely hot 
April day, the temperature in the shade was very refreshing. 

• A road in excellent repair, save where it p^ses through the tertiary ravine-ground near 
Dariala, leads from Jhelum to the houses on the summit; and the hiU, though by no 
means completely bare on top or on the northern slopes, is not crowded with jungle. 

The chief difficulty, as usual, would be a large and continuous supply of water. Exten- 
sive tanks exist, one of which is well placed, but lies rather low in order to obtain a 
catchment basin. The disposition of the strata affords little encouragement to sink wells ; 
though the black, shaly zone might be found retentive. Some springs there are, and others 
might be found, where the tertiary strata cap the ridge, but this is at a distance of from four 
to six miles, and a road would have to be made to them, so that probably the best method 
of incn;asing the supply would be by multiplying the number of tanks and making them as 
little liable to leakage as possible, one large structure of the kind on the north side of the hill 
having been fbund quite empty, owing, as was said, to this fact of its leaking. 

The Coppeb Deposits of DHALBHtJM and SiNOHBHtiM. 

The following papers on these copper deposits consist of, 1^^, abstracjts of two papers by 
M. Emil Stoehr, the accomplished mining geologist employed by the Company formed to 
work the mines ; one in the “ Vierteljahrschrift der Naturforschenden GesellschafV* in 
Zurich, Vol. V, p. 329, 1860; the other in the “Neues Jahrbuch fur Min. Geo. u. Pal.” for 
1864 ; and, a recent report by Mr. V. Ball, of the Geological Survey. Scientific observ- 

ations in connection with mining operations in India are so rare that it is important to 
place the experience and the opinions of M. Stoehr on record in a form easily accessible to 
the Indian public. The works being abandoned, the mine-sections were not accessible to the 
Geological Sui-veyors. The localities mentioned by M. Stoehr may be followed upon the map 
attached to the second paper. 

1.— The Coppeb Mines of SinghbhiJm, by M. Emil Stcehb. 

1. General Geologieal features : Schists . — It is only in the south and west of the 
region under notice that OTanite and gneiss-granite appear, forming dome-shaped hillocks 
seldom more than 100 feet above the flat. The old rock-formations — ^metamorphics — of Lyell 
behave very differently; they form a system of parallel ridges from west-north-west to 
east-south-east, ranging in elevation to 1,900 feet and under. The strike of the ridges is for 
the most part the same as that of the schists, except in a few plachs to the east ; up to 
Sideshor the strike varies from east-T^-south to east-SO^-south ; from there it is east 37°-to 
60®-south. The dip is constantly to northwards, at from 16° to 60,° mostly from 20° to 36°. 
This structure decides the form of the hills — ^steep on the south and sloping on the north. 

These schists present igiany varieties, scarcely any form of metamorphic rock is un- 
represented ; clay-slate of tffe most various types, from soft clay-slate to roofing slate, with 
quartzoae varieties, or sometimes quartzites; forming the ridges ; mica-, ^lorite-, talc-, 
hornblende-* and quartz-schist with quartz-rock are the most prevalent. Occasionally gneiss 
is found, but without any continuity or constant position in the series. There is a peculiar 
rock composed of round grains of quartz in great number (often exceeding the matrix) in a base 
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of clay-slate. At the junction of the sedimentaries and the granitics there occurs a strange 
quartzose formation, a true arkose, many feet thick and almost vertical ; in vrhich are found 
angular fragments of the different metamorphics, in a fine quartzose mass. Of minerals 
I cSbtained garnet, schorl, kyanite, rhatizite, and chloritoid (of Xenngott) ; also a blue-black 
mineral of an elongated form, which Kenngott considered to be apatite united with a car- 
bonaceous substance. 

2. Cheenstom dykes, — The irregularities that these ranges exhibit are due to the pre- 
sence of transverse dykes, especially of diorite. Simple inspection cannot determine whether 
the greenstone is amphibolic or pyroxenic — diorite or diobase ; T incline to consider it diorite. 
Generally hard, it often becomes soft, changing to aphanite ; at Paraum near Dhoba it is almost 
serpentinous, containing nearly 10 per cent, of water. Not far off are considerable runs of 
potstone, which this aphanite seems at all events to approach. In other places the greenstone 
passes into greenstone-schist, following the strike of the series. Although these dykes do not 
always come to the surface, they can be traced at intervals in long ridges recognisable from a 
distance as longitudinally ex^nded linc‘s of conical hills, generally double-topped. The 
strike of these diorite masses varies, generally north and south, or 16° on either side. 
Where such a north-south range crosses those of the older rocks all is confused ; still a most 
picturesque conical hill always detaches itself from the mass. This very hornblendic diorite 
has a remarkable tendency to spheroidal structure, and apptiars on the summits spUt into 
vortical columns, like ruined castles. It is noteworthy that one often finds such clefts with 
quite fresh surfaces of fracture : this is the result of the sudden cooling by rain of the rocks 
when highly heated by the sun’s ravs, as I determined by direct experiment. These diorites 
are so rich in iron that they often disturb the magnetic needle, and weather into iron-sand. 
The diorite cones seldom form considerable elevations ; but this is not without exception, as at 
Bagmuri, 2,000 feet high. Where the diorites come in contact with the sedimentaries these 
are altogether metamorphosed ; basalt-jasper occurs ; the schists are calcined, and columnar 
divisions are frequent. These greenstones are not limited to the north and south dykes. 

Whether the introduction of the greenstones has had any connection with the appearance 
of the copper ore must for the present remain undetermined ; it would seem the more 
likely, inasmuch as the j)otstone and serpentine formation is certainly so connected. 

3. Chranitics, — These diorites run into the granitic area to the south and west ; where 
gneiss-granite and, less frequently, true granite form dome-shaped hills ; these also hero 
observe an east-west direction in long parallel ranges above the plain, traversed by the north- 
south diorites — an arrangement that gives to the whole area a strange chessboard-like aspect. 
At the intersections of the two systems of ranges, the most picturesque cones occur ; 
and remarkable development of mica appears in the granitic rock, so that the mica is applied 
to many ornamental purposes. 

4. Lateriie, — In India many different formations are grouped under the name of 
laterite. There is the laterite of the plains formed of detrit^ matter into which the iron 
constituent came from without, probably from springs ; such is the laterite of Midnapur. 
From these are to be distinguished that which owes its formation to the decomposition in 
situ of ferriferous rocks ; such is the only laterite known to me in our district, as on the 
summit of Mahadeo, derived from the ferriferous diorites. 

6. Mineral products, — I have already mentioned the potstone that is worked into 
various utensils. I may here notice an ochreous schist that is used as a dye. Of ores there 
are — iron ore, sometimes as a vein, sometimes stratified ; mostly pure magnetic iron (see 
Berg- und Huttenmannischen Zeitung for 1863); seldom red hismatito, and once only 
brown haematite ; then the rich copper ore, which was the object of my journey to India. 

6. Copper ore : its range, — This copper ore would be interesting if only on account 
of its unusual longitudinal extension — for 80 miles if not more. I have examined it more 
closely through a length (rf 66 miles, from Lopso hill in the west to as far as Badia in the 
east. I know nothing of its further distribution in the western forest-clad hills, but in 
its eastern range it goes far beyond Badia to Bairagurha, the most south-east point on my 
map; and so far as I examined the intermediate hills, traces of the ore were found everywhere; 
but in its longitudinal range, it appears most in the northern hills. 

7 . A lode, or bedded, — The strike and dip so coincide with those of the containing 
strata that one is induced to consider the mineral deposit as stmtified ; against such a 
supposition there is the vein-like mode of deposit, the frequent cuirasses and slickensides, 
the occurrence of druses, and the broken outcrop. At all cventa the deposit is a filling of 



88 


Becords of the Geological Survey of India. 


[voL. Ill, 


cracks parallel to the layers of the contuiuiu^ rock ; aud the formation of these cracks was 
probab^ contemporaneous with the upraising of the schists. Following the structure of 
the containing rock, the deposit was originally yariously irregular ; and this condition was 
aggravated by the intrusion of the diorite. 

8. Several outcrops. — Proceeding from north to south there frequently appear two 
or even throe consecutive runs of copper ore ; it would thus seem, partly that one and the 
same band was brought several times to the surface by upheavals, piyrtly that a system of 
parallel deposits truly exists. At all events we can recognise at severm places, two parallel 
ridges, or lines of outcrop, sometimes miles apart, sometimes coming so close that they 
almost commingle. Going from west to east we find, quite to the west, near the Lopso hills, 
two runs of ore scarcely ten minutes from each other ; a third more northern localUy seems 
only due to a local disturbance. These two runs separate to eastward, being several miles apart 
at Khursowa, until they appear to come together again in the Akarsuni hill. From there to 
Tamba-dungri (copper hill) the deposit is buried beneath the deep soil of the plains. At 
Tamba-dungri one run appears which can be traced over Jamjura, then bending southward to 
Landu, and then again northwards to the summit of the comcal hill Ghundra. A little north 
from Jamiura a second band shows, which runs northwards from Landu to Ghundra, at the 
summit of whlbh these two runs are scarcely two fathoms apart. From here the two separate 
again, one goes south to Matku in the plain, where it is concealed ; one to Hitku, Banka, 
ete., in the north flanks of the Bangi hills. Here there is a break of several miles where 1 
was not fortunate enough to find the ore : finally it ^pears a^n at Backa and proceeds 
then in a long lino folloT^ing the north hill-flank Between Bindrabun and Sidesnor the 
strike alters, from east-37^’S0uth to east-flO^-south ; also the intruding diorites disturb the 
rocks much, and with them the deposit. In their further course eastward the hills trend rather 
back, and the deposit gets gradually into the plains. At Pathur-ghora, we find a^ain two 
lodes, probably, however, only the broken parts of one and the same main lode which unite 
at Bairagurha. From here all goes straight, except once at Xarapathur there is a disturb- 
ance ; the contorted and crushed strata are confused and the rock almost altered into gneiss. 
Those schists are stuck up to north by a south to north upheaval, and twisted round the 
Karapathur, till at last all becomes normal again. 

9. Varieties of the ore and gangue, — ^As for the ores themselves : — when removed from 
the influence of the atmosphere the iron ores are, mostly magnetic iron, less often pyrites : the 
copper ore, too, is seldom pyrites, mostly glance-copper and red copper ore ; either ore indeed is 
seldom pure, but mostly the two in intimate variable mixture, so they almost form a peculiar 
ore of mue-red colour, soft, and with red streak. According to several analyses (among 
others by Fresenius and Both of Heidelberg) the proportion of sulphur varies from 9 and 
more per cent, to complete absence; and also the total of copper from 42 to 64 per cent.; 
the ore is always contaminated with iron, from 6 to 12 per cent. It seems that when sulphur 
is quite absent, glance-copper is also wanting and the red-copper is not pure but mixed with 
black-copper ; also in many places black copper occurs in strings and disseminated, and is used 
by the native beauties as a black dye for the teeth. Beautiful rosettes of red-copper appear 
detached, no doubt the result of decomposition. In the upper levels the saline ores occur as 
the result of alteration, malachite, less often azuritc, and brown spar. The whole gangue 
and ore are often so decomposed that these products are formed to a depth of 15 fathoms. 
As a ternary product of decomposition, on the heaps and scattered, I may mention 
chrysocolla, libethenite, and chalcophyllite. 

I must again notice the intense atmospheric action ; often at the depth of 30 running 
fiithoms the decomposition had not ended the earthy quartzite-schiqt had oecome decomposed 
and penetrated with malachite and brown iron ore. 

Malachite, in solid masses, compact and earthy, seldom fibrous ; in the upper levels the 
only ore, where it occurs in film and fragments, or mixed with brown hsematite, impregnat- 
ing the whole gangue, which then contains from 2 to 8 per cent, of copper. It occurs besides 
as infiltrations in cracks and slender clefts where a rich deposit ends or begins. It is always 
more or less mixed with silicious earth and ochre ; the purest pieces give— 
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Mad copper ore, in Bolid masBes from the size of a nut to several feet in diameter in a 
BiliciouB matrix, sometimes filling the whole lode and enclosing angular pieces of qaartz, 
sometimes in strings and flakes ramifying through the rock. This is the most important 
ore, seldom indeed pure, almost alw^s mixS with black copper and iron oxide. As the 
malachite is due to the further decomposition of this ore, so is it of glance-copper ; some 
specimens show the three states. It is difficult to find red copper entirely free from copper- 
glance ; apparently pure red copper specimens have given 8 per cint. of sulphur. The mixture 
with iron oxide varies from 0‘26 to 18 per cent. It is too mways mixed with black copper ; 
and it was interesting to know if the proportion were constant ; analysis showed it to vary 
from 63*7 per cent, sub-oxide and 33'6 of oxide to 60‘14 per cent, of sub-oxide and 46*74 
of the oxide. It is only an indefinite mixture. Often the oxyde is in excess, the ore being 
dark brown, with black metallic streak. The common variety is brown red to cochineal red, 
with red streak, and in pure pieces, a fine crystalline texture. This quality, with hardness 
of 3, sp. gr. 5*623, gave — 
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Others gave traces of manganese and bismuth. 

Black copper occurs only as a coating, and at most in strings as thick as the back of a 
knife and always mixed with red copper and iron oxide. 

Copper-glance, massive, mostly in kernels. It is at all events the original undecomposed 
ore ; selclom pure, almost always with iron oxide. 

Copper pyrites seldom found ; and only sprinkled here and there. 

Azwnte, as a crust. It is remarkable how seldom it appears where malachite is so 
abundant ; I only know of one locality. 

Lihethenite and Chalcophyllite, in small crystals in the old refuse heaps ; similarly 
Chrysocolla. 

Native copper, in massy rosettes and flakes ; rare, and only where surflice water can 
penetrate ; associated with malachite, of which it seems to be a redaction and not of red 
copper. 

Copper uranite was found on Lopso. 

Iron ores , — Brown iron ore ; in the upper levels often filling the whole lode, as ochre 
or as solid brown lunmatite. 

Magnetic iron in crystalline granular masses, sometimes even filling the whole lode 
mostly mixed with specular iron (Eiscnglanz). Analyses of fragments of the old copper 
regains gave traces of silver and gold, and 10 per cent, of iron. Assays made in London 
proved the ores to contain silver : an ore of 31 per cent, of ?*^ve 0*0078 per cent, of 

silver, one of 60 per cent, of copper ^ave 0*0039 of silver. The silver then cannot be prin- 
cipally contained in the copper ore, but in the gangue, 

10. Distribution of the ore . — Copper is not the only metal this deposit contains ; iron 
predominates ; so ^at one may describe the deposit as one of iron ore rich in copper. The 
copper-contents are themselves very variable, from traces up to the richest ore. The action of 
the intruded diorites appears to influence the proportion of copper; they may come quite to 
the surface or only produce a north-south upheaval, the richest copper deposits always being 
in their neighbourhood. In the preponderating quartzose gangue the ores occur in leaves or 
threacls, from paper thickness to several inches, ramifying through the mass ; sometimes 
binding anguutr quartz fragments, sometimes in comp^t masses ; often filling the whole 
vein. Elsewhere they show in lenticular lumps from the size of a hazelnut to that of the 
h^, having fhen generally a covering of talc or chlorite in the quartzose base. Sometimes, 
but seldom, the quartzose veinstone fails, and contorted, crushed, hroken chlorite- anjl talc- 
schist enclose lumps of quartz and strings and pieces of ore. Once or twice the veinstone 
was quite porphyritic. 
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The roof and floor of the d^osit are not confined to any particular kind of rock of the 
nxetamorphic Bcries; many different rocks occur as such, — clay-slate, chlorite-, talc- and 
mica-Bchist ; but always a schist ; quartz rock never occurs as roof and door. The strike is the 
same as that of tho rocks ; in the west, from east-west to east-35^-south ; in the east so 
much as east-60®-south. The dip is 16® to 60° to northward, mostly 20® to 36°. The normal 
width of the lode is 20 to 22 inches, at which the ore is richest ; sometimes filling' tho whole 
vein. It often expands to three feet and over; but then the ore scatters and the richness 
suffers. Whether a workable ore extends, and how deep, is unknown ; the ancients only 
worked that nearest tho surface ; but wherever I opened old works and went deeper good 
ore was found, generally after cutting through some poor ground, so that at 100 to 1 20 feet 
the ore still always held out. At tho time of my departure the point at which research had 
been carried farthest was at Landu ; there 212 feet had been reached, but already at 190 feet 
the ore liad decreased, and at last was quite lost. Whether there only happened to be poor 
ground at this spot, or whether generally the ore does not extend to the deep, is unascertained : 

1 would almost decide for tho latter opinion. The deposit is of course not worth working 
throughout its entire extent ; but rich parts alternate with poor or even with barren ; to find 
the first was therefore the chief endeavour ; and we were successful at many points in finding 
such rich localities. 

In the Lopso and Sirsu 8(*ction the ore is associated with quartz- and mica-schist. 

At Podumpur with a sandy mica-schist containing schorl. 

At Akarsuni with black mica-schist and quartzose clay-slato, close to greenstone ; granite 
also shows in the neighbourhood. The detritus on this granite is washed for gold. 

At Tamba-duiiCTi, a greenstone that does not reach the surface seems to have raised 
the schists and partly metamorphosed them locally into gneiss and quasi-granite, and the 
ferruginous schist into jasper. The top of the hill is burrowed all over with little pits CO 
ftHit deep. 

The northern run at Landu is in quartzose schist accompanied by mica-and chlorite- 
schist: tho southern in mica- and chlorite-schist with associated quartz. 

At Chundra the ore occurs with quartz gangue in mica- and chlorite-schist and quartzose 
clay-slate. 

At Matku in the quartzose clay-slate and quartz-schist. 

The northern lode at Chura-dungri and llitku is in quartz-schist ; at Pahlu-dungri in 
(dilorite-scdiist ; at Banka it is greatly disturbed and seems to be cut out suddenly by a mass 
of potstone. 

At Kacka and Bagh-ghiira the rock is sandy schist and quartzite, but mica-, chlorite- 
and talc-schist are not absent. It was here that disihene-rock was found. The ore is in a 
silieious schist and occasionally in mica- (black mica), actinolite- and chlorite-schist. 

At Sukurna, near Side.shor, the ore is in silieious schist, associated with mica-, chlorite- 
and quartz-schist. Sideshor appears to he the production of a penetrating north-south upheaval ; 
and ill its quartzites traces of the ore are found, as malachite, — a proof that many beds of 
the metamorphic series are cupriferous. At Bindrabun immediately under the ore is a 
massive rock composed of quartz and tourmaline with a little mica, — a granite formation, 
except that felspar is wanting ; one might almost call it greisen. A run of jasper owjurs 
close by, in the formation of which, as well as in the elevating of Sideshor, this peculiar 
rock may have taken part. Malachite traces are found in it too. 

At Pathur dun^i the rock is quartz-schist ; but on the south-west of the hill ore occurs 
in mica-, chlorite-and hornblende-schist. 

At Surda the oro is in dork mica-schist containing garnet, chlorotoid, and hornblende 
crystals. Near Pathurghora the ore is in more or less metamorphic schist ; near the village 
red felspar is associated, and the rock becomes granitoid. 

The distribution of the ore in tho lode follows no certain order ; unless one is to con- 
sider as such its constanflSssociation with quartz, which is always the preponderating gangue. 
From the agreement of the dip and strike of the deposit with that of rooks, one would con- 
sider it as a stratified ore, were there not much against such a supposition. 1 do not here 
allude to the cuirasses and quartz druses, but especially to the variable strength of the 
deposit itself and the interruption and separations of the outcrops ; which then again follow 
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the strata and lie in many patches close to esu;h other. The normal thickness may he about, 
20 inches ; in rich spots it reaches 3 feet ; while elsewhert^ it intemiits, the deposit is com- 
pressed and decreased with only scattered ore, till this also disappears and the deposit cun 
no longer he traced. All this suggests to me separate lodes, i. e., an impregnation of cracks 
parallel to the rocks, and probably formed at the time of their elevation. 

11. Peculiar carbonaceous mineral, — T conclude iliis short description of the deposit 
with a notice of a mineralogical peculiarity occurring in it. At Jamjura the lode was sought 
for beneath the thick soil of the plains, and found with good ore. In this newly opened work 
a fault was struck, in the neighbourhood of which the veinstone seemed quite altered, the 
qiiartzose mass had become almost porous, the quartz had lost its lustre, and had become 
almost friable. In this rock and in the ore itself there occurred as rarities in, as it seemed, 
octahedral or rhombohedral cavities, loose pieces of a iDCculiar coal-like substance. It was 
found at 37 feet below the surface, or at KX) feet along the slope of the deposit, at 30°. I 
had early sent from India some specimens to Bergrath Breithaupt at Freiberg, who has 
described this strange mineral in the Mining and Mciallurgicjal Journal for 3rd January 1859, 
from which I hero give an abstract of the principal characters : — black ; semi-mc^tallic lustre 
on fresh Iracture ; black streak ; opaque ; blunt pieces of size of an egg and under ; inter- 
nally crystalline, very fine grained ; sp., gr. 1-92 ; hardness 4-25 to 4-75, between calc and 
fluor spar ; brittle ; very difficult to bum before the blowpipe. Com])ositiou, mean of Sheerer 
and Buhe : — 

Carbon 
Water 
Acid 
Aah 

100 - 


93J)45 

1J40 

2-He6 

ITJO 


It is considered by Breithaupt as a middle condition between anthracite and graphite. 

Breithaupt thinks that the tabular impressions on the carbon may he due to calcspar— 
that in the druses calcspar ciystals were produced. This is suredy an error, for I never saw 
such crystals ; on the contrary, the coaly matter is loose in cavities lined with lamellar quartz, 
which 18 often imposed upon it. The hardness given by Breithaupt is not correct for all 
the specimens ; many are easily scratclied by calcspar. 1 would mention that T poss<issed 
a piece of veinstone which together with this mineral contained undoubted Hakes of graphite, 
as also two difierent forms of the mineral close together. 

Professor Kenngott and Escher do la Linth have more closely examined this substance ; 
on the same veinstone wore found white particles of a silicious substance with a deep black 
nucleus, the white exterior being the result of decomposition ; hence Professor Kenngott 
takes this substance to be the remains of the decomposition of a highly carbonaceous sili- 
cious mineral, whereby the silica was removed, leaving the carbon. 

12. Mining experiments , — In order to exhibit the special conditions of the deposit I will 
now describe the most important mining experiments. Special mining experiments could not be 
attempted over the whole area within little more than three years’ time ; they were limited to 
between Jamjura and Rangi. Landu was the centre ; there were extensive old works there, and 
the flat ground offered an untouched field for exploration. The diggings that gave the best 
opening were No. 1, near Landu, in the north lode. At 7^ running fathoms wo got to the end 
of the old workings, where the width, originally considerable, was reduced to 15 inches. There 
was great trouble in getting the men to continue the work ; and when, among a lot of jackal 
hones, a piece of a human skull was found, all green with copper, great terror spread, and 
only the most pressing representations, that the skull must have been brought there by some 
beast of prey and did not belong to a man who had perished on the spot, could induce the 
men to carry on the work. TTie layer was only 15 inches from roof to floor, almost filled 
with rotten slate and quartz fragments, rich in iron, but almost without copper, only here 
and there a sprinkle of malachite incrustation. The ancients had evidently abstracted all the 
good ore till they came to this barren run. After a little the malachite increased, enveloping 
the quartz, and so ramifying through the still broken schist that it yielded from 1*8 to 4’6 
per cent, of copper. The roof and floor were of chlorite-schist, quite devoid of copper save 
by infiltration in the little cracks. At 12*7 running fathoms strings of malachite occurred ono- 
half of an inch thick ; and the lode was 2 feet wide. From here it increased ; and at 15 J fathoms 
an easterly drift was started that soon disclosed the most splendid ore ; first malachite, then 
this passing into red-copper, and tliis again into glance-copper. This ore finally filled the 
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whole vein, 3 feet thick, enclosing angular pieces of quartz; and also occurred in large 
elliptical nodules several feet in diameter lying in a gan^e of silicious slate, in such 
numbers that a fine roof-face could he worked ; at 25 fathoms along the drift, the lode split, one 
branch going southwards soon became barren, while the northern one jdelded fine ore. In a 
northeiTi trial-drift from here another vein was cut more or less rich in ore, and still further 
eastward three others. Down from this drift a small hading shaft was sunk ; and here, 
at 28J fathoms the ore began to decrease, and died out altogether. So far the underlie was 
35° ; here it rose to 60° or 70° ; the thickness of the lode decreasing to a few inches ; below 
this trouble it became flatter again and traces of ore re-app(!ared, till at 32 fathoms this too 
disappeared with a new trouble. It was in this state of affairs that the hand pumps could no 
longer keep under tlie water of the rainy season, and the progress discontinued at 12 fathoms 
vertical from the level of the valley. 

Four miles to the west, at Jamjura, under the alluvium of the plain, a veiy rich ore wp 
cut, occurring in a very similar manner to that at Landu. At 18 fathoms the ore was still 
good. In a westerly direction it was less rich, but continued to eastward. In a trouble of 
this vein the carbonaceous mineral was found ; not only in quartz, but in solid malachite. 
Here, too, was found the native copper, reduced from malachite by the action of this carbon. 

A third important locality was No. 6 of Landu, in the south lode ; chlorite-schist and 
sandy mica-schist contain grains and nodules of quartz, often coated with talc ; these are 
sometimes several feet in diameter. In and around these generally flattened lum})8, partly 
following the layers of the schist, partly, too, itself fonning kernels, or surrounding fragments 
of quartz, comes the ore in threads, from the thickness of a knife to several inches, thus 
uninterruptedly arranged in nuts and lumps, and in this manner forming the lode, 18 to 24 
inches wide. These conditions obtained to 16 running fathoms, then the ore ceased, and at 
my departure the work was in barren rock. In the upper part the ore was all malachite, but 
in the hard undecompoaed masses there was a mixture of red and black copper with glance- 
copper. The ore w'aa besides always very rich in iron. At about 80 fathoms to the east, in a 
smwl trial pit, the lode was almost entirely made up of coarsely granular crystalline 
magnetic iron. 

At Hitku in the northern, and Matku in the southern, lode there occurred quartzose, 
porphyry-like gangue ; and the ore predominated as nodules of oxides, with glance-copper. 
In neither place was it worth working, appearing to cease in depth. 

At Banka a clear-ringing, columnar, Assured quartzite is penetrated in every direction 
by thin strings of ore, black, with glance-copper. Somcjtimes it is scattered through the quart- 
zite, giving it a porphyritic aspect; the quartz being then altered, dull, tiugile as if burnt. 
Low down there appeared an agglomeration of quartzose talc-schist and nearly massive talc, 
where the lode stopped out suddenly. 

According to the results at Landu, the cubic fathom of 96 to 150 ewts. of raw ore gave 
an average of 6 per cent, of copper ; and the cost of extraction of the same, including 
haulage, amounted to Bs. 22 to 23 per 100 cwts. of raw ore. 

The preparation by hand-picking must be regulated according to the preportion of 
saline ores ; hero the average of 100 cwts. of raw ore was — 

3 cwts. of rieh picked ore of 
00 „ averapre ore of 
13 .. duet ore of 
24 „ rabble and poor ore of 

All the poor ore was considered as rubble for crushing. In the best rubble there occurred 
but 8 to 10 per cent., very seldom 20 per cent. 

13. Za6<wr.-^Most of the coolies were Dhangba Kols. On the whole, they proved them- 
selves very intelligent and skillful ; on an averse more so than our European workmen ; only 
they are weaker; out, whether mentally or bodily, they are very slothful, so that they require 
constant watching. The daily wage of a workman is 4 to 6 pice ; with which they receive the 
powdjsr and tools supplied f Jet job-work was only undertaken by experienced workmen. ■ The 
gang, at one face coula not amount to less than four to six men. It was impossible to get the 
peope to work uninterruptedly, so that a face fathoms high thus worked only advanced 
0-8 of a fathom monthly. 

14 Froepecta , — Since 1862 great endeavours have been made in London to get np a 
limited ooDspany with £120,000 capital to work the Singhbhdm mines. The original company 


... 20 to 35 per cent, copper. 
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had dissolved about 1869 ; its history was this : after Captain Hanghton in 1861, in the 
Journal, As. Society, Bengal, had first called attention to the mineral treasures ol‘ the 
district, two Calcutta merchants resolved to start mines, and I went to Bengal by their 
instructions to make investigations and to establish the mining. When it was certified 
that at many places fine ore ooeurred a company was formed in 1867, having at its head 
the two origintd firms ; and everything was then started on a very great scale. Mining 
cx)mmcnced at Landu and Jamjura, and fine raw ore was turn^ out at the rate of 
1,200 to 1,300 cwts. monthly. Other works were at that time not yet opened and in order ; 
still already the erection of a foundry with steam engine at a great cost was insisted 
on : and consequently, after my departure, what was expected befell : there was not 
yet enough ore there for the supply of a large foundry ; the company dissolved in 1869 ; 
and the stores, building, and machinery fell to a transferee at an insignificant price. So 
very costly a management had only accelerated the dissolution of the company. In India 
every administration is costly : here it was the case in a remarkable degree, as this single 
circumstance fully proves — Es. 9,200 had to be paid yearly to the two rajahs of Ghatsilla 
and Seraikela, in whose land the works were situated, for the right of mining and smelting. 

As above stated, since 1862 great exertion has been made to form a grand now company ; 
and in the prospectus mention is made of my name with reference to my report to the 
former company, so I do not hesitate to declare that without fiirtlier information than 
that already known and established— so long as nothing positive is settled nigarding the con- 
tinuation of the ore in depth — the formation of a company with a capital of £1,20, (XK) is un- 
warrantable. Ore, and very fine ore, is undoubtedly to bo got; and the works already under- 
taken might be carried on to advantage in spite of the deficient communications, if with 
moderate expectations an economical enterprise be undertaken, but for this so colossal a 
company is not suited. If the works are to lie again established, mining experiments should 
be extended before everything, and according to the results thus obtained such a company 
might be formed or not. No one could expect an exhaustive judgment from the works 
already accomplished, and considering the time spent U 2 >on them, the first surface labor 
took place in the end of 1865, and already in 1869 all was discontinued. 

15. Ancient mines. — Almost wherever the deposit comes to-day and is not concealed 
beneath the alluvium one finds old buildings and refuse heaps, where there was formerly a 
mine. In spite of the rudeness of the mode of extraction the work must be admitted to 
have been sagaciously conducted. The ancients never went deep ; sometimes hindered by 
the water which everywhere is reached below tlie level of the valleys, sometimes by the 
fear of working under ground. The use of powder in blasting must have been unknown 
to the people of that time, for I everywhere found in the old works, where open, single 
pillars undisturbed, very rich in ore, but in such hard rock as only to be won by blasting. 
The ancients seem to have smelted the ore in little furnaces on the spot, for one finds 
remains of walls, heaps of slag, and even copper bloom in many places. It is impossible to 
determine the age of the old workings ; the heaps and fallen-in pits are mostly overgrown 
by thick jungle .and covered by old trees ; only here and there one finds large openings in 
the rock, at present the refuge of crowds of bats, whose dung covers the floor more than a 
foot deep ; the cavity itself being converted into a beautiful green hall by a thick crust of 
malachite. If one asks the inhabitants when such work was in progress, they do not know ; 
and they speak of 100 years with the vague ideas of Asiatics about time, representing thereby 
an arbitrarily long period. It seems to me, however, certain that the present half-wild 
inhabitants are not in a condition to carry out such works ; and these may be the relics of 
an ancient civilization, like the rock-temples of the neighbouring Orissa, like the fruit 
trees (mango and tamarind) that one often finds as very old trees in the middle of the thickest 
forest ; as again the remains of the great town Dulmi, which once stood in the thick woods 
of the Subanrika. Only one story has reached me of the ancient mines. Where 
from the lofty Sideshor, the ridges of Bindrabun, Ruamgurh, and Mahadeo descend into 
the valleys as spurs, one finds on Bindrabun extensive old diggings and pits, and on 
Buamgurh slag-heaps and remains of brick walls. There, at Euaxngurh, a rajah of the 
name of Buam must have lived and have made the diggings and houses. In the story this 
rajah is reported to have had two tongues,* so I must consider him as a person who spoke two 
languages, in fact a foreigner. The period may have been the 11th century, when the 
Kingdom of Orissa flourished. 


For another explanation of the two toaguea, see a paper by Mr. Ball, Froc. As. Soc., Bengal, Juno 1889. 
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2. — On thb Coppib of DhalbeCu and SinohbhI^h, by V. Ball, B. A., Geological 

Survey of India. 

The district of Singhbhum, first brought to the notice of the British in the year 1820, 
when the internal ^sturbances rendered interference necessary, was not placed permanently 
under British officers until 1836. In the interval that elapsed between these two periods, 
the discovery of copper and ancient native copper mines appears to have been made. 

The first published intimation of the existence of copper in Dhalbhum was given in 1833 
in a paper by a Mr. Jones* who was engaged in making researches regarding the coal of 
Bengal. He writes— “ I have reason' to suppose copper ;may be found in Dhalbhum near Bag- 
waha (Rajdoha) in a stream called Gura Nadi that empties itself into the Subanrika.” Whether 
this supposition, which subsequent investigation has proved to have been well founded, was 
based on information received from natives or from personal observation we are not informed. 

In the year 1854, the existence of extensive copper deposits which had been much 
worked by the ancients in the above-named districts was forcibly impressed upon public notice 
by Captain now Colonel J. C. Haughton, Assistant to the Governor General's Agent in the 
South-West Frontier.t 

In the same year the mines were visited by II. Ricketts, Esq., c. s., who proposed to 
Government that '“ a small sum be expended in working for a short period in order thoroughly 
“to test the produce and to' show the people of the country how to turn the veins to the 
“best advantage.’* 

M. Stcebr in the paper printed herewith details the circumstances under which he came 
out to this country and the steps which led to the formation of the first Singhbhum Copper 
Company. Since his return to Europe, this company ceased operations in 1859 ; and a second, 
formed on the ruins of its predecessor, lasted only from 1862 to 1864, when it also was 
dissolved. 

In 1857, M. Durrschroidt published a report (with a map) on the “copper mines of. 
Singh bh urn.” All the important part of the information is derived from Colonel Haughton 
and M. Stochr. Some of the minor details would be of interest only to persons purposing 
to re-open the works. Speaking generally, this report takes a much more favourable view 
of the prospects of mining than was justified by the facts available at the time. 

In the prospectus of the second or Hindostan (Singhbhum) Copper Company, a number 
of analyses and opinions regarding the quality of the ore by various assayers and others are 
quoted. These or rather a portion of them will be found incorporated in the following pages. 

The fact of the copper ores having been worked by the ancients has been above alluded to. 
It is probable that the greater number of old excavations enumerated in the table on p. 100 
are of considerable antiquity. ElsewhereJ I have discussed the reasons which have led me 
to the conclusion that the ancient workers were an early Aryan race called Seraks. 

Within recent years a rude kind of working has been undertaken by the local rajahs 
and zemindars. But in consequence of poverty of the ore, flooding of the mines, want 
of labor (the pay perhaps being neither liberal enough nor regularly bestowed), or finally, as 
has sometimes been the case, sudden discovery on the part of the rajahs that their dignity 
was being compromised by the work, all such operations have been discontinued. 

Geology . — In order to render the following account intelligible, it will be necessary to 
give a brief sketch of the geology of the district in anticipation of the full account of it, 
which will be published when the examination of the whole area shall have been completed. 

The rocks of Singhbhum, so far as they have been examined, are referable to two 
formations. The metamqrphic, consisting of granitic and foliated gneiss, schists, &c., and 
the sub-metamorphic, consisting of slates, quartzites and schists, which latter are sometimes 
not lithologically disringuishable from those belonging to the metamorphic. 

In Manhhlim,. exclusive of the coal-fields, something less than four-fifths of the area is 
occupied by metamorphic rocks. In the remaining fifth at the south of the district the 


* Asiatic Researches, vol. IS, p. 170, 1833. 
t J. A. S. B., XXIll, p. 103, 1864. 
t Ppoc., A, S. B., June 1869, p. 170. 
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Bub-metamorphic rocks are let in by an east and west fault ; thence southwards they puss 
into the district of Singhbhum, where they cloke round irregular areas of metamorphic 
rocks. The principal of these areas lies east of the station of Chaibassa. The rocks seen 
are coarse granitic and porphyritic boss-forming gneisses which are traversed by a perfect 
network of trap (dioritc) dykes. This combination produces a very peculiar effect which, as 
seen from the top of a high hill, has been aptly compared to a chessboard. The walls 
formed of trap dykes constitute substantial boundaries between adjoining properties. North 
and north-west of Chaibassa there is another area of the same metamorphic rocks which 
is, however, free from trap or nearly so. A third small area exists near Khursowa, regarding 
which something will be said again further on. The appearance of the sub-metamorphic 
area is very different from that just described ; it is characterised by being ti'aversed by long 
ranges of hills with deep intervening valleys which correspond to the position of the 
softer varieties of rock of which the formation is composed. 

The copper ores to which this account refers occur for the most part in a zone of schists 
whose geological position is situated near the base of the sub-metamorphic rocks. These 
schists form the northern dank of a broken spur of hills which leaving the Chota Nagpur 
plateau strikes eastwards for a distance of 4i) miles through the estates of the rajahs of 
Khursowa, S(^raikela, and Dhalbhum, then bending round gradually to south-east and ulti- 
mately to south, it disappears under the alluvium of Midnapur. 

The principal ranges composing this spur are of quartzite, upon which incrustations of 
the copper salts are occasionally found ; but the ore which has been worked is, with a few 
exceptions to be noted hereafter, associated only with schists. 

Measui'ed along the strike, these copper-bearing rocks extend for a distance little short 
of 80 miles. Copper ores have not been discovered west of Lopso ; but there is no geological 
reason why they should not be found for many miles further in that direction in the Cnota 
Nagpur highlands. 

In the tables appended an abstract is given of the principal facts which have been 
observed at the various localities in which the copper has been found. And in the accom- 
panying map all these localities are indicated. M. Stoehr’s paper contains all the available 
reliable information regarding the working of the mines. 

The determination of the question as to the manner in which the copper occurs, 
whether in lodes or as a deposit, is one of no less difficulty than it is of importance. M. 
Stcehr holds the opinion that it occurs in lodes, though admitting that much may be said in 
favor of the opposite view. He describes the variable strengm of the deposit itself and 
the iuterrux)tion and separation of the outcrops which in some places arc close to each other. 
Carrying out this view, he distributes the localities where ore occurs along two lodes which 
he calls the north and south. He alludes to the fact o| the existence of particular beds of 
rock in the vicinity of the copper showing signs of excessive metamorphism which he 
considers to be due to local action ; but he docs not mention that the copper, if followed along 
its line of strike, is found to penetrate into areas occupied by rocks which are undistin- 
guishable in their lithological characters from the most crystalline rocks occurring in the 
older series. Of course it may be that these, like the single beds above mentioned, have been 
affected by local metaraorphism, possibly caused by the intrusion of OTanite, but the granite 
which occurs is not distinguishable from that which is often found in Bengal to alternate with 
well foliated rocks, and is therefore believed to be of metamorphic origin. Thus this 
circumstance, which might otherwise be used as a crucial test of the validity of the lode 
hypothesis, is itself so uncertain and fraught with doubt that it is a rather dangerous 
description of evidence to make use of in such a discussion. 

In support of the view that the copper partakes of the nature of a mechanical or chemi- 
cal deposit in the beds, there is the f^t that the underlie of the ore as seen at the surface 
nearly always appears to correspond with the dip of the schists, and that sometimes the 
schists appear to be permeated throughout with the ore. A.doptiDg this v|ew for the moment, 
the following supposition would appear to afford a possible explanation of most of the 
phenomena with regard to the ore, which have as yet been observed. With the original 
materials of the sandstones and mudstone shales, which subsequently become metamorphosed 
into schists, the ore may have been either chemically or mechanically deposited. At some 
period the crushing and tilting up of the rocks, of which there is abundant evidence, 
produced cracks and possibly openings between a^acent beds, towards which a segregation 
of the copper particles whicn until that time were equally dissemmatod throughout the mass 
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of the fichiets may have taken place and continued until they became filled with ore and so 
xise to the a{(pearances which have been regarded as indicating the existence of lodes. 

' this view be correct then the highly metamorphosed rocks which occur in the othertsme 
uniaterru^ted strike of schists at Akarsuni and Kumerara must be derived from the schists 
by e'Xcessive local metamorphism. But if, on the other hand, these rocks belong to the 
pider metamorphics which they certainly at ^t sight appear to do, then the lode hypothesis 
must be admitted to be true. 

Reviewing the evidence on both sides, the legitimate conclusion to be drawn would seem 
to be Uiat the copper of SinghbhdnoL in all probability occurs both in lodes and as a 
deposit disseminated througliout the materials which compose the schists. Similar cases 
of double conditions of occurrence are not unknown in other countries, as will be alluded 
to again furfber on. 

Ores. 

The ores of the upper part, or, as it is technically called the * back’ of the deposit, have 
all been converted into carbonates and oxides. 

In assays made upon eight different qualities of ore by M. R. Schenck, and quoted 
in the Hindustan Copper Company's prospectus, the contained copper varies between 35*03 per 
cent, and 1*46 per cent. Three analyses by Messrs. Phillips and Darlington of specimens 
of carbonates gave the following results : — 


No. ]. — Copper 31*6 per cent. 
No. 2.- „ 6-26 „ 

No. 3.— „ 6 0 


Silver 2 o 2. edwts. 17|7rB. per ton of ore. 


99 


2 

19 


20 .. 
H „ 


99 

99 


Three other specimens were examined by Messrs. Howard and Dollmau and gave the 
following results : — 

No. 1. — 18*8 per cent, of copper. 

No. 3.— 21*8 „ „ 

No. 8.— 240 „ 


Three specimens brought by me from Jamjura yielded according to Mr. Tween's 
analysis — 

No. 1.— Jangars ore, copper = 62*o per cent. 

No. 2.— „ „ =« 44'6 „ 

No. 3.-^Dugni „ = 86*6 „ 

Nos. 1 and 2 were picked specimens, but No. 3 was the ordinary ore to be found 
at Dugni. 

Messrs. Henry Bath & Sons, to whom some of the ores, smelted to a regulus, were sent 
in 1854, reported as follows ; — “ Our assayer has carefully tested the samples thou sent us ; 
they contain about 60 per cent. Of iron which makes them very difficult to smelt, and 
is also very prejudicial to their sale ; we think, however, that the pnees affixed to them may 
he obtained.^' 

We are thy sincere friends, 

Henry Bath & Sons.* 

Mining Office, Swansea, Smo,, 19, 1854. 


No! 3.— 
No.4.- 


£ 37 per 21 cwt. 

M n »f 

34-2 „ „ „ 

31 


The assays above quoted were of the carbonates or of grey-copper. 

Qoyyer pyrites occurs in the schists at Bajdoha ; it was first found there by the second 
.company ; fragments of rock permeated with it are still to be found in the debris. It seems 
to have been little affected by the weather. 

lit 


* Proceec^B Aaiatio Society of Bengal, XXIV, 1866, p. 706. 

Of the ndneralB oocurring In the sohlsts, the following are the principal which have been met with : 
Kymlte, Chlorite, Tremolite, and Actinollte. In the hill Dari, which is forined of potstone nndOT- 
ihe vehwSf a beouliar indurated talc ooenra in veina. The potatones are extenalvely quarried, and 
earady a Mipicy in the neighbouring village. At Jamiura M. Stcehr diacovered an intereating oarbonaoeoua 
inmSml, of wldoh t'alao obtains apecimona in the refuae heaps whenl vialted that locality; it ia deaerihed 
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Some of the manufactured copper was i^us reported on at the Calcutta Mint 

"Three slabs weighing about 139 lbs. ; these were subjected to lamination and proved 
to be suited in all respects for purposes of coinage. The quality of this metal is excellent, 
being scarcely inferior to the best, equal to the average and decidedly superior to several ship- 
ments of imported copper." 

(Sd.) B. Baird Smith, 

Mint Master, 

As it is almost impossible at the present day, without excavating in the mines to a 
considerable depth, to obtaiu more than a few specimens of the carbonates or oxides of 
copper which he near the surface or incrust the walls of the galleries, it is most fortunate 
that we are able to avail ourselves of M. Stoehr’s researches and opinions. Ilis presence 
during the mining operations and subsequent examination of the ores in Em*opo havo 
afforded him the most favorable opportunities for ascertaining the precise nature of tho 
ores obtainable in the deep mines. 

It may be taken as a fact fully established b^ the analyses quoted above, that exceed- 
ingly rich ores of copper do occur in Singhbhim. Before proceeding to the discussion of 
the practical question, in reference to the possibility of working tho ore with profit, it is 
necessary to allude to the — 

Metals in association with the Copper. 

It is a matter of the greatest importance to ascertain the proportion of other metals 
which ordinarily occur associated with the copper. ■ Supposing the ore even not to contain a 
sufficient quantity of copper to make it pay to extract it alone, it might still, if it included 
precious metals, be worked with profit. Such is the case with the argentiferous ore or 
Fahlerz from Eisloben in Prussian Saxony. 

In the assays of three specimens of ore by Messrs. Phillips and Darlington quoted above, 
the ounces of silver per ton of ore vary between 1 and 2^, M. Stajhr found tracH^s, 
but only traces, of gold and silver ; while Mr. Tween did not obtain even a trace in some 
ores and smelted copper which I brought from Jamjura. 

Small quantities of Bismuth were found in some of the ores. 


Having in the previous pages pointed out the two-fold manner in which the copper 
ores occur — both in lodes and in beds — and their quality, the discussion of the practical 
question whether tho ores are such as can be worked with profit in this country may now 
be entered upon. The facts and collateral circumstances which must influence « decision 
may be grouped under the following heads : — 

I. Character of the ores and their mode of occurrence. 

II. Experience of previous miners, ancient and modem. 

III. Local circumstances. — Position of mines ; Means of communication and distance 
of marts ; Supplies of labor, fuel and lime ; Proprietory ; Climate. 

IV. Comparison with other countries where ores of similar character and occurring 
in a similar manner have been worked. 

I. Although rich ores exist, their mode of occurrence is so capricious and uncertain 
that working them must necessarily involve an enormous expenditure. 

Ores of very much inferior quality if they occurred with a continuous unbroken lead 
which could steadily be followed up by the miners might, even under various un&vorable 
conditions existing in Singhbhtim, be worked with profit. 

M. Stcehr distinctly speaks of good ore having been found at many points, but in nearly 
all cases an unusual richness of the deposit proved to be purely local and confined to nests 
which were speedily worked out, and unremunerative copper-permeated schist met with 
further dowii 

IL Many of the ancient mines have been so thoroughly worked out that it is often 
impossible to fmd more than mere particles of carbonate inci'ostations. 
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It may bo argued with an apparent amount of plausibility that the ancient mines, their 
number and extent, indicate a prosperous condition of the industry at some former period. 
We do not, however, know under what circumstances they were worked. In the early 
times to which they seem chiefly to belong, copper may have possessed a value relative to 
the precious metals much higher than it does at present. And, again, altlumgh it may have 
paid parties of natives to work with their simple furnaces which could without loss be 
relinquished when the supply of ore failed ana others be erected in a new locality, we 
cannot feel assured that it would prove proportionally profl table to a European Company, 
whose chief prospect of success would depend on the possibility of applying machinery 
for the extraction and reduction of the ore continuously in one place. 

With regard to the experience gained by the companies, beyond M. Stcehr's and 
M. Durrschmidt’s papers, there seems to be now no accessible information. Without being 
able to refer to the records of either of the companies, it is impossible to form any cstimato 
of what their working expenses amounted to. 

Copper was manufactured during the time of the second company and forwarded to 
Calcutta, but what proportion its price in the market bore to the cost of its production 
1 have been unable to ascertain. 

M. Stoehr’s opinions on the first company and on the proposition to form a second are 
printed herewith. He concludes that notwithstanding the disadvantages, some of the old 
mines might bo worked profitably, but for that purpose so colossal a company* was not 
suited. But moderate expectations ^ such as M. Stoehr speaks of, are not generally suflicient 
to attract speculators and capitalists ; and a really economical enterprise such as might easily 
be carried out on the continent of Europe is scarcely practicable here. 

III. — ^Local circumstances. — Position of Mines, On all sides the range in which the 
copper ores occur is surrounded bjr broken hilly country, which is drained by a number of 
rivers of suflicient dimensions to seriously impede traffic during the rainy season. 

The only made road in the vicinity of the mines is the one between Olmibassa and 
Midnapur. It is unprovided with bridges : the portion of it in Singhbhiim and Dhalbhdm 
alone is (May 1869) in fair condition. 

In reference to the roads, Colonel Haughton, who was anxious to represent the pros- 
pects of a mining enterprise in the most favorable light possible, wrote : — “ From the dig- 
“ gings at Kumerarat there is a good road only 86 miles in length to Tumlook. The distance 
from Landu or Jamjura to the Cossye river at Dhee Kulliinpur is about 70 miles ; and that 
“ river might, it seems probable, be available for water carriage during short periods in tho 
“rains, as the Damuda is at points far above those where it is ordinarily navigable. There 
“ is every facilify for the construction of a good road to Dhee Kullianpur or to Midnapur, 
“ and in fact there was formerly a Government route in nearly the same direction. * * * 
“ The distance from Tumlook Midnapur would be about 132 miles.” The copper which 
was made in 1862-64 was not despatched by either of these routes but nid Furulia to Kaniganj, 
the distance of which place from Landu being 13U miles, and tho roads little better than 
cart tracks. 

Should the proposed direct line of railway vid Midnapur to Bombay be opened up, the 
copper mines will probably be rendered much more accessible than they are at present. 

JLahotMr, — Coolies can be obtained in abundance. The Chota Nagpur Dhangas were 
found to be the best workmen. 

Fuel, — ^The supply of wood to be obtained in the immediate neighbourhood is limited, and 
a few years would exhaust the timber on the bills composed of the copper-bearing rocks. There 
is, however, a considerable amount of heavy timber on the rises to the Chota Nagpur plateau. 

The discovery of coal at Midnapur is a fact which may prove favorable to the pros- 
pects of working the copper with profit, 

Idme, — The only lime which was used for fluxing the ore was manufactured from 
* kunkur,^ No hope of any mdre regtilar or economical source can be held out at present. 
Some calcaroous schists do, indeed, exist near Chaibassa, but in them tho quantity of other 
minerals mixed up with the carbonate of lima is so great as to make it douMiil whether 
’ they could be successfully burnt for lime. 

• The capital of the 2nd or Hindostoa Copper Company was £120,000 in 3-4,000 uharcu. 
t The most eastern locality. 
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Proprietory. — Singhbhum proper belongs to several Diembers of the Poraliat family, 
of whom the principal arc the Koer of Seraikela and the Thakiir of Khursowa ; they both 
j'ive service to Government as Magistrates, but pay no tribute whatever for their estates. 
The Dugni Baboo in whose lauds copper also occurs is a cadet of the same family. 

In the estate of the Rajah of Dhdlbhum, the remainder of the copper localities, inclu- 
ding those at Landu and Rajdoha, are situated. 

The first company, confident in the productiveness of the mines, agreed according to 
M. Stoehr to pay the Rajahs of Seraikela and Dhalbhum Rs. 9,200 for the right to mine. In 
the prospectus of the second company the annual rent is stated to be Rs. 4,500. A con- 
siderable portion of this rent for the years while operations were being carried on is still due. 
Acting on a decree of the Singhbhum Deputy Commissioner, the Rajah of Dhalbhfim has 
seized the houses and engine of the company at Rajdoha ; but the former have already fallen 
to pieces, and the latter uncared for and neglected will soon become worthless. 

Climate. — The climate of Singhbhum is decidedly unhealthy ; this point is one of no 
small importance where a number of Europeans might have to be emidoycd. I have been 
informed that the employes of the two copper companies suffered much from fever. My own 
experience is, that natives of India, especially men from the north-west, suffer excessively 
from fever in Singhbhum ; of course both Europeans and natives might, to a certain extent, 
become acclimatized, as has happened in other parts of India. 

IV. — Examples are not wanting in other parts of the world where ores of similar 
character and mode of occuri-ence to those of Singhbhum have been worked, with wliich a 
brief comparison may be usefully instituted. 

Copper Mims of Bislehen. — At Eislebon in Mansfeld, Prussian Saxony, the ore of 
copper extracted permeates a schist (Kupferschiefer) which cjan be worked with as mu(?h 
regularity as a coal seam.* Notwithstanding the perfection of the machinery and tlu^ 
comparative ease with which the ore is extracted, it is a fact that the copper is manufactured 
at a loss. “ Every ton of refined copper as it leaves the works has actually cost more than an 
equal weight of metal could be purchased for on the spot from the merchant.” 

The profits of these great and unique mines (which more or loss directly support G(),(X)() 
people) are nearly all derived from the small proportion of silver which occurs In the ores and 
IS extracted during the process at but little additional cost. The magnitude of the operations 
and the immense quantities of the copper ore which are smelted alone enable the work to 
be carried on with profit. 

In the copper ores of Singhbhum silver does sometimes occur as is shown by the assays 
on page 96. But the amount is so small that it is extremely doubtful whether it could be 
extracted with profit. 

It has been stated that for the most part the underlie of the ores in Singhbhum corres- 
ponds with the dip of the schists ; but it can scarcely bo said of them, owing to Idieir steep 
inclination and irregular lateral extension, that they could be ‘ worked like a coal seam.’ 

South- West of Ireland. — In the south and south-west of Ireland copper ores occur 
disseminated throughout a zone of Devonian sandstones ; for a long time it was doubted 
whether true metalliferous lodes existed, all the copper being supposed to occur “ as a mecha- 
nical deposit derived from the waste and destruction of some original mineral vein district. ”t 
Recent deep mining operations which have been carried on with success have proved the 
existence of true lodes. J Thus there would appear to be a double mode of occurrence of the 
ore there, similar to that which has been supposed to be the case in Singhbhum. 

In the preceding pages the object sought after has been to give a simple statement of 
facts, from which those who may be interested will doubtless draw their own conclusions. 

In mining operations such as would be necessary in Singhbhum so much depends upon 
the regularity with which the ore occurs that no one could with any confidence venture tt) 
predict the result of excavation on a large scale. 

Courageous enterprise guided by the best professional skill in mining has both its trium- 
phant successes and its heavy losses and disappointments : until underground exploration has 
extended much further in &nghbhtim, it will be uncertain which fate awaits those who 
may at any i^uture time venture upon copper mining in that district. 

* These mines arc fully described in a paper by Mr. Jervis, Jour. Soc., Arts, vol. IX, 1860-61. 
t Memoirs of Oeoloffical Survey of Great Britaiu and Ireland, explanations to sheels 200, 203, and pp. 278. 
t Geological Magazine, vol. Vll, No. 5, p. 241. 
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COPPER ORES 



Local itloB East to West. 


Ifurabcr of 
Mines. 


Nature of Mines. 


Dip 

or Underlie. 


1 MadhopuTy 3 miles north of Kumo* 2 Outcrop exoavatious , 

rara. 


2 Hills, W. of Asunbuui ... ... Numerous 


9 Hills, S. E. of Badia 


4 Badia ... 


Very numerous ... Ditto and shafts ... to E. 25° N. 


7 Hills, W. A W. N. W. of Surda 


Hills, W. of Terin^a A Kondodih 


Bideshur Hill, B. of Buam... 


10 Muhadoo Hill ... 

11 Boghghura 


()ntcrop excavations .. Ditto 


Quonrios, shafts, inclines 


Outcrop excavations A 30°-36° E. N. E. 
inelinoH. 


12 Hill8,S, AS.W.ofMatiKara(=:Bufpi Numerous 
of Dr, StmUr). 


IHtto A shafts 


13 Bangaraatti Hill, B. E. corner, N. of 
Banjo. 


14 Bajdoha a 


16 Matku ... 


I 16 Hurtopa... 

I 17 Hltku ... 


19 tadu BamHfbur Hill Numerous 


Indino and adit 


Shafts, IncUnes, adit, 85°—, S8° to 10° E. 
trench, of N. 
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No. 

Ore. 

Rock. 

RXMAnXB. 

1 

Traces of carbonate : a spe- 
cimen yielded according 
to Col. Haughton 24} p. e. 
of copper. 

Quartz and black mica-schist, 
strike 10° £. of N., granite 
close by. 

These mines are full of water, to remove which 
and renew excavation would be necessary 
before the condition of the ore could bo 
aseortained. 

2 

No traces of ore tn «tY» ... 

Black and grey mica-schists ... 

Slog close by, indicating that ore was once found. 

3 



This locality is g^ven by M. 8ta>hr. 

4 

Traces of carbonates abun- 
dant. 

Grey and black mica-schists, 
strike 26° W. of N. Towards 
Mosabuni gneissose rocks 
strike more to north. 

The relative positions of the Badia excavations 
indicate four distinct outcrops of ore. The 
. principal of these passes through the village 
of Badia, near which are great heaps of slag. 
This was evidently a centre of extensive oper- 
ations. 

5 

Ditto. 



6 

No trace of ore at present 
exposed. 

Schists. 


7 

Incrustations of the carbo- 
nates on the walls. 

Block mica-schist 

From the abundance of slag it would appear 
that here, as at Badia, considerable quantities 
of ore must have been smelted by the ancients. 

8 

Traces of carbonates rare ... 

Mica-schist. 


9 

Ditto slag abundant ... 

Ferruginous mica-schist 

At the site of the old town of Ruam, there 
are several tanks covered up by jungle and 
immense quantities of slog. 

10 



This locality is given by M. Stcehr. 

11 

Ditto 

Mica-schist. | 


12 

Ditto 

Ditto 

A number of deserted potstone mines and some 
which are still worked occur along this rung(\ 

13 

Traces of carbonates 

Ditto & quartzite 

Incrustations of the carbonates and black oxides 
occur on the cnartzitos forming the main axis 
of the hill. 

14 

Ditto 

Slaty blue schists 

These are situated on a spur of Rangamatti. 


Ditto 

Copper pyrites ... 

Traces of carbonates 

Ditto ... \ 

Ditto ... y 

Ditto ... ) 

These were worked by the Copper Company. 
But the pyrites was only just reached a short 
time before working was discontinued; d is 
west of the river, b and c being to the east. 

16 

Carbonates, traces of red 
copper and pyrites. 

Greenish talcose schist and 
quartzo-felspathic grit. 


16 

No ore seen 

Quartzite. 


17 

Traces of carbonates 

Schist and quartzite ... 

Originally commenced by the ancients; it was 
deepened by the Company, but has subse- 
quently become filled up. 

18 

Ditto 

Quartz and mica-schist much 
contorted and baked. Banded 
jaspory quartzites close by. 

A considerable amount of ore appears to have 
been obtained here by the Company. M. Stcehr’s 
papers give the details of workings carried 
on at Landu. 





Thakfir of Ehorsowa. Koer of Seraikela. 
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COPPER ORES OP 


No. 

IiOcaliticH East to West. 

Nnmbcr of 
Mines. 

Nature of Mines. 

Dip 

or Underlie. 


Londu Chundra Hill b ... 

Numerous 

Inclines 

36°, 66® to 10® 
E. of N. 


Ditto Hill, N. o( Taramaib c 

Ditto 

Ditto 

40®— 60® N., or 10® 
E.of N. 


Ditto Hill, N. of Tulsa d ... 

Ditto 

Ditto and adit 

40® N. 

19 

f gora 

Jeling •{ 

(.bera ... 

f * 

Shaft and incline 

? 

20 

JaTr^ura ( Tae^amiaekura of M. Stoehr) 

Several 

Sliafts 


21 

Gura 

0 



22 

Taml&a— dungri .. 

6? 

Shulls 

26 N. 

23 

Saldih 

1 

Ditto 

N. N. W. 60® 

24 

HundrO ... 



N. N. E. 40® 

26 

DOgni 

0 

0 

«)• X. 

26 

Ukii 

1 

Outcrop excavation 

M 

27 

Komulpur (Banksai) 

1 

Ditto 

? 

28 

AkarsOni a 

Several .. 

Ditto 

N. W. 


H b 

1 

Ditto 

? 

20 

Podumpur 

2 

Ditto 

i* 

30 

Kegadib ... ... j 

4 (a-d) 

Ditto 

? 

31 

Lopso Hill 

1 

Ditto 

40® N. 



m 


PaHT 1.] Ball: Copper of Bhalhh'&m. and Singhh/imN, 

SINGHBUV in,— (Continued ) . 


So. 



Ore. 

Iftock. 

Rbmabks. 


Traces of uarboiiaics 

Schist. 



Ditto 

Contorted tnlcosc quartsite and 
micuccuus schists. 

These works were chiefly made by the Company, 
but all ulong the outcrop of the schists tlicre 
are ancient excavations. In one place the ore 
p<^rmeatos 6* of rock. 


Ditto 

Ditto 

The mines here were worked by the Company. 

i l» 

Ditto 

'roicose and mica-sohist. 


20 

Ditto aiid 

grey copper. 


These shafts were worked by the Company'; one 
of them foil in while the operations were going 
on. 

21 

Traces of carbonates 

Schist 

No mines opened at this locality. 

22 

Ditto 

Sandy and fibrous inica<schist8 

Shafts in very irregular positions and without 
reference to the lie of the deposit. 

23 

No trace of ore 

Mica*schista. 


24 

Ditto 

Soft satiny feispathicand talcoae 
schist. 

Said to have been excavated by the father of tbo 
present Baboo of Dugni, Bungit Singh. 

25 

Traces of carbonates 

Mica-schists ... 

This is situated in the village of Dugni ; there 
has never been any excavation. 

20 

Ditto abund- 

ant, a specimen yielded 
30-5 per cent, of copper. 

White talcosu mica-schists and 
granitic gneisses. 

Said to have boon worked with prollt by the 
Dugni Baboo about three years ago. 

27 

Ditto 

Schists and gneiss. 


2rt 

Traces of carbonate 

Schists, granitic gneiss and 
trap close by. 

A series of excavations in the fields are nearly 
filled up with surface soil. 


Ditto 

Ditto. 


29 

Ditto 

Mica-schists and quartz 

Bocks much covered ; no strike apparent. 

80 

Ditto 

Micaceous and quartzose schists, 
also gneiss and trap close 
by (c). 

Copper Is said to have been manufactured from 
ore extracted from (d) twelve years ago. 

31 

Ditto 



Coarse mica-schists ... 

Situated at foot of the hill west of Kanrudih. 



V. BALL, 

Geological Survey of India, 
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Mbteobites. — During the past quarter we have received an addition of four specimens 
of meteorites, representing 3 falls, of which no specimens existed in the Calcutta collections 
previously. 

1st. — From Db. TbchebmXe, the present zealous Director of the Mineral Cabinet at 
Vienna, came a very perfect, though not large, s^imen of the fall at Hessle, near Upsala, 
which took place on the let of January 1869. And a very good specimen of the remarkable 
stone-fall which took place at Kernouve, Napoleonville, Morhihan, France, on the 23rd 
May 1869. 2ndly, from Pbofessob Daubbee, Paris, we have received a fine * specimen 
of the meteoric iron from Dees a, Chili, p^uliarly interesting, not only for the breccia- 
form structure which it presents (recalling the Tula fail), but for the occurrence in it of very 
well marked crystals of Enstatiiet colourless and transparent and of a punty not hitherto 
met with, also crystals of Peridot^ of Schreihersite, and of a lamellar substance closely allied 
to Sypersthene, And also a second smaller specimen of the Kernouve (or Cleguerec) fall 
of the 23rd May 1869. These were all in exchange for specimens of Indian falls. 

T. O. 


DONATIONS TO MUSEUM. 

From Colonel H. C. Johnstone we have received a box of fossils collected by him 
in the Sulyman Kange. There has not been time as yet to examine these in detail. 


ACCESSIONS TO LIBRARY 

Fbom 1st July to 30th Septbmbeb 1870. 

Titles of Books, Donors. 

Andbje, Db. Cabl Justus. — Vorwerltliche Pflanzen, 2nd Heft. 4to., 1869, Bonn. 

Bebendt, Db. G. — Geologie des Kurischen Haffen und seiner Umgebung, 4to., 1869, 
Konigsberg. 

Biqsby, John J. — Flora and Faunna of Silurian Period (Thesaurus Siluricus), 4to., 
1868, London. 

Beneden, Van, and Gebvais, Paul. — Osteographie des Cdtacds Vivants et Fossiles, Livn. 8, 
8vo., and Atlas, 4to., Paris. 

Bosquet, J. — ^Monographic des Crustaces fossiles du Terrain Grdtacd du Limbourg, 4to., 
1864, Haarlem. The Authob. 

Boubouionat, j. R. — Histoire Malacologique de la Regence de Tunis, III, 4to., 1868, Paris. 

CoQUAND, H. — ^Monographie du ^nre Ostrea, Terrain Crdtacd, Text, 8vo., Atlas, Folio, 1869, 
Marseilles. 

Dechen, Db. H. V. — ^Begleitworte zur Geologischen Karte von Deutschland, 8vo. and 4to., 
2 sheets, 1870, Berlin. 

Engelhabdt, H. — Flora der Braunkohlen formation in Koni^eich Sachsen (Gekronnt 
Preiss-schriften), 8vo. and 4to., 1870, Leipzig. 

Fbesenius, Db. C. B. — Qualitative Chemical Analysis, 8vo., 1869, London. 

Gbaeffb, Db. Edw. — R eisen im innem der Insel Viti-Levu. 4to., 1868, Zurich. 

ZuBicH Nat. His. Soc. 

Gould, A. Augustus. — Report on the invertebrata of Massachusetts, 8vo., 1870, Boston. 

Hessenbebg, Fbibd. — Mineralogische Notizen, New Series, pt. 6, 4to., 1870, Frankfort. 

Haidinoeb, W. R. Von. — Das Kaiserlich-Konigliche-Montanistiche Museum und die 
Freunde der Naturwiss., 8vo., 1869, Wien. « The Authob. 

Hahy, Db. E. T. — Precis "3e Paleeontologie Humidne, 8vo., 1870, Paris. 

HanIby, S., and Theobald, Wm. — C onchologia Indica, pt. I, 4to., 1870, London. 

IssEL, Abtubo. — Malacologia del Mar Rosso., 8vo., 1870, Pisa. 

Linnabsson, j. G. 0.'— On some Fossils found in Eophyton sandstone at Lugnas in Sweden, 
8vo., 1869, Stockholm. The Authob. 
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Lubbock, Sir John. — On the origin of the civilization and primitive condition of man 
8vo., 1870, London. 

Menzel, Pbof. Augt. — Die Biene in ihren Beziehungen zur Kulturgeschichte und ihr 
Lcben ini Krieslaufe des Jahres. 4to., 18C9, Zurich. 

Zurich Nat. His. Soc. 

Muir, J. — Sanskrit Texts, Vol. V, 8vo., 1870, London. Govt, of India. 

Mayer, Ciias. — Catalogue Systdmatique et Descriptif des fossiles des TeiTaitis Tertiuires, 
8vo., 1870, Zurich. 

Nordenskiold, a. E. — Sketch of the Geology of Spitzbergcn, Roy. 8vo., Stockholm. 

The Author. 

On the existence of rocks containing organic substances in the fundamental gneiss of 
Sweden, 8vo., 1870, Stockholm. The Author. 

Quetelet, a. — O bservations des phenomcncs periodiques pendant les annees, 1865, et 1866, 
(Extrait du Tom. XXXVII des Memoires Acad. Roy. de Bel- 
gique), 4to. The Author. 

Ooster, W. a., und C. Von Fischer. — ProiozcB Helvetica, Bd. II, Abtli. I, 4to., 1870, 
Basle and Geneva. 

Therein, Andre. — Etude Prehistorique sur la Savoie, specialcment a T epoque lacustre, 8vo. 
Atlas, 4to., 1870, Chambery. 

Pictet, F. J. — Maieriaux pour la Palaiontologie Suisse, ou Recueil de Monographies sur 
les Fossiles du Jura et des Alpes, Ser. V, pts. 7 and 8, 4to., 1870, 
Geneva. 

ScHiMPER, W. Pir. — Palicontologie Vegetale ou la Flore do Monde Primitif, 2nd Tom. 
pt. I, with Atlas, 4to., 8vo., 1870, Paris. 

Sandbergkr, Dr. F. — Land und Siisswasscr Conchylien der Vorwelt., Roy, 4to., 1870, 
Wiesbaden. 

Tschermak, G. Von.— Der Meteorit von Lodrau, Aus dem LXI, Bdo. do Sitzb. d. k. Akad. 

d. Wissensch. April Heft. 1870, Wien. The Author. 

ZiTTEL, A. — Paloeontographische Mittheilungen, .\us d. Museum, K. Biiyerischeu staates 
(II. 2). Die Fauna der leltern Cephalopodeii, fuhrenden Tithon- 
bildungen, pt. I, text, 8vo., pi. fol. xxv— xxxii, 1870, Cassel. 


Periodicals, &c. 

Abstract of results of hourly meteorological observations taken at the Surveyor General’s 
Office from January to April and May 1870, 8vo., 1870, Calcutta. 

American Journal of Science and Arts, Vol. XLIX, Nos. 145 and 146, 8vo., 1870, New 
Haven. 

Annales des Sciences Geologiques, Tom. I, 8vo., 1870, Paris. 

Annals of Indian Administration, Vol. XIV, pt. 1, 8vo., Serampore. Govt, of India. 

Annals and Magazine of Natural History, Vols. 5 and 6, Nos. 30, 31, and 32, 4th Series, 
8 VO., 1870, London. 

Bastian, A. W. Hartmann, R.— Zeitschrifb fiir Ethnologic, Jahrg. II., Heft. 2, 8vo., 1870, 
Berlin. 

Cuyper, Cb. de. Revue Universelle des Mines, de la metallurgie, des travaux publics, &c., (fcc., 
'^14th year, Tom. XXVII, pt. 2, 8vo., 1870. 

Geological Magazine, Vol. VII, Nos. 6 & 7, 8vo., 1870, London. 

Indian Economist, with Superintendent and Reporter, Vol. I, Nos. 11, 12, folio, 1870, Calcutta. 

Indian Economist, with Superintendent and Reporter, Vol. II, Nos. 1, 2, folio, 1870, Calcutta. 

Govt, op India. 

Journal de Conchiliologie, Series 3, Tom. X, No. 3, 8vo., 1870, Paris. 
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Mineral Statistioa of Victoria for the years 1868-69, 4to., 1868-69, Melbonrne. 

Dept, of Mines, Victoria. 

Neues Jahrbuch fur Mineralogie, Greologie, and Paheontologie, Jahrg., 1870, 2nd Kelt., 8vo., 
Stuttgart. 

Faleeontographica, Vol. XIX, pt. 3, 4to., 1870, Cassel. 

Petermann, A.— Geographische Mittheilungen, Bd. XVI, 6, 6, 7, 4to., 1870, Gotha. 

Pfeiffer, Dr. Ijouis. Malako-Zoologisohe Blatter, Bds. 16, 17. 8vo., 1870, Cassel. 

Professional papers on Indian Engineering, Vol. VII, No. 28, 8vo., 1870, Roorkee. 

Major Medley, r. e. 

Quarterly Journal of Microscopical Science, New Series, No. XXXIX, 8vo., 1870, London. 

Quarterly Journal of Science, No. XXVII, July, 1870, 8yo., 1870, London. 

Romer, Dr. Edou. Novitates Conchologicee, Suppl. Ill, Lief. 24, 25, 4to., 1870, Cassel. 

Records of the Geological Survey of India, ^Vol. Ill, pt. 3, 8vo., 1870, Calcutta. The Survey. 

Reports of the Mining Surveyors and Registrars for 1867-68-69 and 1st quarter of the 
year 1870, Melbourne. Dept, of Mines, Victoria. 

Government Selections, Ac. 

India. — ^Budget Estimate for the year 1870-71, fol., 1870, Calcutta. Govt, of India. 

„ General Report on the Topographical Surveys of India, 1868-69, fol., 1870, 
Calcutta. Govt, of India. 

„ List of Civil Officers holding gazetted appointments under the Government of India 
on let January 1870, 8vo., 1870, Calcutta. Govt, of India. 

„ Selections from the Records of the Government of India, Home Department, 
No. LXXVII. Papers relating to the Nicobar Islands, 8vo., 1870, 
Calcutta. Govt, of India. 

Bengal. — General Report on Public Instruction in the Lower Provinces of the Bengal 
Presidency for 1868-69, with appendices, 8vo., 1870, Calcutta. 

Govt, of Bengal. 

Bombay. — General Report of the Administration of the Bombay Presidency for 1868-69, 
8vo., 1870, Bombay. Govt, of Bombay. 

„ Selections from the Records of Bombay Government, 8vo., Bombay. Ditto. 

British Burmah. — Annual Report on Civil and Criminal Justice of Rangoon and Moul- 
meiu for 1869, 8vo., 1870, Rangoon. 

Govt, of British Burmah. 

„ Report on Trade and Customs of British Burmah, 1868-69, 8vo., 1870, 

Rangoon. Govt, of British Burmah. 

„ Revenue Report, British Burmah, for 1868-69, 8vo., 1870, Rangoon. 

Govt, of British Burmah. 

„ Report on Public Health and Vital Statistics for 1869 of British Burmah, 

8vo., 1870, Rangoon. Govt, of British Burmah. 

N. W. Provinces. — Selections from the Records of Government, North-Western Provinces, 
Vol. HI, Nos. 3, 4, 8vo., 1870, Allahabad. 

Govt, of N. W. Provinces. 

OuDH. — Report on Dispensaries and Lunatic Asylums in the Province of Oudh, fls., 1869, 
Lucknow. ^ Govt, op Oudh. 

„ Report upon the* Administration of Criminal Justice in the Province of Oudh, 
fls., 1869, Lucknow. Govt, of Oudh. 

„ Report upon the Administration of Civil Justice in the Province of Oudh, fls. 

1869, Lucknow. Govt, of Oudh. 

„ Bepoi^ on Sanitation and Vaccine for the Province of Oudh, 1869, fls., Lucknow. 

Govt, of Oudh. 
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OUDH. — Report upon the progress of Education in the Province of Oudh, 1869, f[»., 
Lucknow. Govt, of Ounn. 

„ Report on Census Table, No. Y, of Oudh, Vol. I, with map, &c., fls., 1870, Lucknow. 

Govt, of Oudh. 

Punjab. — Report on the Administration of the Pui\jab and its dependencies for 1868-69. 

Govt, of Punjab. 

„ Selections from the Records of the Punjab Government, New Series IV. Admin- 
istration of Bhawulpdr, Chumba, and Patowdie States, 8vo., 1870. 

Govt, of Punjab. 

„ Selections from the Records of the Punjab Government, New Series YI. Sanitary 
Survey of Villages watered by the "Westem Jumna Canal, 8vo., 
1870. Govt, of Punjab. 


Tbansactions of Societies. 

Berlin. — Zeitschrift der deutschen Geologischen-gesellschaft, Berlin, Bd. XXI, Heft. 1-4, 
8vo., 1869. German Geological Society. 

„ Zeitschrift der deutschen Geologischen-gesellschaft, Berlin, Bd. XXII, Heft. 1, 2, 
8vo., 1870. German ^^eolooical Society. 

„ Monatsberichte der K. Preussischen Akad. der Wissenschaftlichen, 8vo., May, 1870, 
Berlin. The Academy. 

Brussels. — Memoires de V Acad. Royale des sciences des lettres, &c., de Belgique, 
Tom. XXXVJI, 4to., 1869. Belgian Academy. 

„ Bi&letin de F Acad. Roy. des Scien. de Belgique, 2me. Ser., Tom. XY, XYI, 

1868. Belgian Academy. 

„ Annuaire de F Acad. Roy. des Scien. de Belgique, 8vo., 1869. Ditto. 

Calcutta. — Journal of the Asiatic Society of Bengal, pt. II, Nos. 2 — 3, 8vo., 1870, 

Calcutta. The Society. 

„ Proceedings, Asiatic Society, Bengal, Nos. 6, 7, 8, 1870, 8vo. 

Asiatic Society of Bengal. 

„ Journal of the Agricultural and Horticultural Society of India, Vol. II., pt. 1, 
. 8vo., 1870, Calcutta. The Society. 

Canada. — Canadian Journal of Science, Literature, and History, Vol. XII, No. 6, 8vo., 1870, 
Toronto. Canadian Institute. 

Dresden. — Sitzungs-berichte der Naturwissensch. Gesellschafb, Isis, Nos. 1-3, January to 
March, 1869, 8vo. The Society. 

Florence. — Bolletino. R. Comitato Geologico d’ltalio, pt. 6, 8vo. Ditto. 

Gottingen. — Abhandlungen der Konigl. Gesellschaft der Wissenschaften zu Gottingen, 
Bd. XL, 4to., 1869. 

„ Nachrichten von der K. Gesells. der Wissenschaften und der Georg-August 
* XJniversitat, 12mo., 1869. The Society. 

Astronomische^Mittheilungen von der Konigl. Sternwarte zu Gottinque, 1869» 
1 Thiel., 4to. The Society* 

Konigsbebg. — Schriften der Ednigl. physikalisch-economische Gesellschaft zu Konigsberg, 
Jahrg, 1^9, pt. 2, 4to. 

London.— Philosophical Transactions of Roy. Soc., No. 168, pts. 1, 2, 4to. 

Proceedings of Royal Society of London, Vol. XVIII, 119-121, 8vo. 

The Royal Society. 

Quarterly Journal of the Ged. Society of London, Vol. XXVI, pt. 2, No. 102, 

” 8vo., 1870. The Geological Society. 

Journal of the Society of Arts, Vol. XVIII, Nos. 912-923, 8vo. The Society. 

Journal of the Royal Aaiatio Society of Great Britain and Ireland, Vol. IV., pt. 2, 

” 8vo., 1870, London. The Society. 

,, Proceed, of Roy. Gec^raphical Soc.f Vol. XIV, No. 2, 8vo. Ditto. 
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Munich. — Abhandlangen der Mathematisch-pbysikalischen classe d. Konigl. Bayeriscben 
Akad. der Wissenscli^len, Vol. X, Abtli. 2, 4to., 1868. 

The Bavaeian Academy. 

„ Sitzungs-berichte der Konigl. Bayerischen Akad. der Wissenscbaften zu 
Miinchen, 8vo. 

1867, Heft. II, Nos. 3, 4. 

1868, „ I, „ 1. 4. 

1868, „ II, „ 1, 4. 

1869, „ I, „ 1,4. The Bavarian Academy. 

„ Beobacbtungen des Meteorologischen observatoriums, auf dem Hohen Treissenberg, 
von 1851-64, Supplt. VII, 8vo., 1868. 

The Bavarian Academy. 

„ Kosultate der Miinchen Meteorologischen Beobachtungen, 1857-66, Supplt. VI, 
8vo., 1868. The Bavarian Academy. 

„ Verzeichnifls von 6323 telescopischen Sternen, Supplt. VIII. 

The Bavarian Academy. 

Neuchatel. — Bulletin de la Soc. des Sciences Nat., Tom. VIII, pt. 2, 8vo., Neuchatel. 

The Society. 

New York. — First Annual Keport of the American Museum of Natural History, January, 
1870, 8vo. The Museum. 

Palermo. — Giornale di Scient. Natural, ed Econom. del Consiglio di Perfezionarnento di 
Palermo, Vol. I. pts. 1-4, 1865.— Vol. II, pts. 1-4, lp66.-Vol III, 
pts. 1-4, 1867. — Vol. IV, pts. 1-4, 1868, 4to. The Institution. 

Philadelphia. — Transactions of the American Philosophical Society, Vol. XIII, pt. 3, 4to. 

The Society. 

„ Proceedings of ditto ditto, Vols. X, XI, 1868-69, 

8vo. The Society. 

,, Journal of Franklin Institute, Vol. LIX, Nos. 3 —6, 8vo., 1870. 

The Institute. 

Stockholm.— Kongliga Svenaka Vetenskaps Akademiens Handlingar, Ny foljd, 1864, 
Bd. V, Heft. 2.— 1865, Bd. VI, Heft. 1.— 1866, Bd. VI, Heft. 2.— 
1867, Bd. VII, Heft. 1. The Swedish Academy. 

„ Ofversigte af Kongl. Vetenskaps Akademiens Forhandlingar, 1865, XXII — 

, 1866, XXlII-1867, XXlV-1868, XXV. 

The Swedish Academy. 

„ Meteorologiska Jakttagelser Sverige, 1864, VI — 1865, VII- 1866, VIII, 4to. 

The Swedish Academy. 

Lefnadsteckningar ofver Kongl. Svenska Vetensk. Akad., Bd. I, Heft. 1, 1869. 

The Swedish Academy. 

„ Kongliga Svenska Fregatten Bugenies resa omkring Jorden, 1851-53, Heft. 

XII, Zoologi. 6, 4to. . ♦ The SVi^edish Academy. 

St Petersburgh. — Bulletin de I’Academie Impdriale des Sciences de St. Petersburg, 
Tom. XIV, Nos. 5, 6, 4to., 1870. 

Vienna. — ^Verhandlungen der k. k. Geologischen Ileichs-Anstalt, 1869, Nos. 1—18, 8vo. 

The Institute. 

„ Jahrbuch. der k. k. Geologischen Beichs-Anstalt, Bd. XIX, Heft. 1 — 4, 1869, 8vo. 

* The Institute. 

«** 

Sitzungsber. d. Kaiserl. Akad, der Wissenscbaften, abtbeil. 1, Bd. LVIIT, 
1-5, 1868; abtbeil. 2, Bd. LVIII, 2—5; abtbeil. 1, Bd. LIX, 
1—11, 1869; abtbeil. 2, Bd. LIX, 1—3. The Academy. 

Zurich. — VierteHahrscbrift der Naturforschenden Gesellscbaft in Ziiricb Jabrg. XII, 
pts. 1 — 4, 1867, Jabrg. XIII, pts. 1—4, 1868, 8vo. The Society. 
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Abstract of ebsults of examination of the Ammonite-fauna of Kutch, with 

UEMAEKS ON THBIB HISTBIBUTION AMONG THE BEDS, AND PROBABLE AGE, by WlILIAM! 

Waagen, Ph. D., Geological Bwrvey qf India, 

In preparing for the Palsoontologia Indica*' a monograpb of the fossil Cephalopoda 
and in particular of the Ammonitid^, represented in the Kutch Jura, I have obtained some 
general results, which may be interesting to notice in connection with the study of the 
jurassic deposits i||that province. 

The Cephalopoda seem rather common in all the principal jurassio strata of Kutch, 
excepting in the lowest beds, which have as yet furnished only some Gastropods, a great 
number of Pelecypods, besides some undeterminable fragments of Belemnites ahd a few 
other fossils. 

The number of species of Ammonites collected by Messrs. Blanford, Wynne, and Feddcn, 
in the course of a few working seasons, amounts to about 80, of which number, however, aU 
are not in a sufficiently good state of preservation to allow of accurate determination. 
According to the different genera, which have been lately distinguished in-supercession of 
the old genus “ AmmoniteSf* the following are represented in the Kutch J ura : 5 species of 
JPhyllocercuif 2 of Lgtocerast 1 Saploceras, 6 Oppeliaf 6 Sdrpoceras, 7 Peltoceras, (n, g.) 
'4 Aspidoceras^ 17 StephanoceraSf and about 32 Perisphinctes, If we inquire into the geo- 
logical distribution of those genera in the European Jurassic districts, we will find that the 
Phylhceras and Lytoceras are not limited to certain strata of the jurassic formation, but 
begin in the Trias, and extend without any interruption into the middle, and even upper 
layers of the Cretaceous period. HapheeraSy on the contrary, occurs within narrower limits, 
appearing solitary for the first time in thd Bathonian, and disappearing again in the lowest 
beds of the Neocomian, its principal development being in the Tithonian group. Of the 
genus Oppelia the greatest number of species is found in Oxfordian and Kimmeridgian 
beds, furnishing only a few sporadic species in lower strata, and beginning in the Inferior 
Oolite. Ha/rpoceras is characteristic for the Lias, but extends, however, in well developed 
forms up into the Oxfordian, and even into the Kimmeridgian group. Peltoceras is 
^ chiefiy an Oxfordian, Aspidoceras chiefly a Kimmeridgian and a Tithonian genus. 
Stephamceras occurs through the whole Jura, whilst Perisphinctes, represented by a larger 
number of species and specimens than any of the other genera, is mostly characteristic for 
the Upper Jura. 

If we now consider the number of species, by which every single genus is represented 
in the Kutch Jura, the simple comparison of the numbers before given, with the facts known 
regarding the geological position of the genera in Europe as stated above, will show us 
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at least a part of those Jurassic strata must belong to the Upper Jura, unless 
that the faunse have followed laws of distribution quite diiterent from those 
prevalent during the time of the Jurassic deposits in Europe. 

Proceeding to the Hpecies, I will give brief distinctive characters of the new forms which 
I have described. There are of Phyllocerast preserved in the Geological Survey Museum, — 


Phyllocerait disyutahile^ Zitt, (golden oolite of Keera hill near Chareo ; brown 
oolite of the Jooria hills). 

„ LoJaiense, Waagen, n. sp. (brown oolite of Lodai). 

„ Feddeni, Waagen, n. sp. (oolite with iron nodules near Dhosa), 

„ ptyclioicum Quenst, (coarse iron sandstone of the Katrol range). 

„ Zignodiantmt Orb. (golden oolite of Keera hill). 


Phyllocems Lodaiense, Waagen, n. sp. Very closely allied to JPhyll. disjmtahile, Zitt., 
but the furrows disappearing on the siphonal side and very deep near the umbilical 
margin ; it has also much shorter and broader lobes than PhylL disputahile. 

Thylloceras Feddeni, Waagen, n. sp. Closely resembling FhylL Hbmairei, Orb., but 
the umbilicus a little smaller and the external saddle finishing in three unequal leaves. It 
difiers from Phyll. eujphyllumt Neum., by a little larger umbilicus and less developed third 
leaf on the external saddle. ^ 

The genus Lytoceras has fiirnished, as stated before, only two speftes, one of them 
being new ; they are : 

Lytoceras Adelaides^ Eudem. (golden oolite of Keera hill). 

„ rea?, Waagen, n. sp. (sandy yellow rock, S. of Charee). 


Lytoceras rea*, Waagen, n. sp. A specimen of 600 m m. in diameter. Inner whorls 
finely striated without any prominent ribs ; body-chamber with a few prominent ribs, with 
broad smooth spaces between them ; ribs with 7 folds on each side. 

The species of Saploceras which I have mentioned before is not determinable with 
sufficient certainty, as the last part of the body-chamber is wanting ; but it is very probably 

Haploceras tomephorum, Zitt. (coarse sandy iron rock, S. of Boojooree). 

The genus Oppelia has furnished several well known European species of great interest, 
only two new forms were among the number. The species are : 

Oppelia suheostaria, Cpp, (golden oolite, Keera hill). 

„ glabella i Leckenby (gray marl nodule, Keera hill). 

„ trachynotat Cpp. (coarse sandy iron rock, Katrol range). 

„ , Cutchensis, Waagen, n. sp. (same layer and locality). 

„ plicodiscuSf Waagen, n. sp. (rock indistinct, S. of Madapoor). ♦ 

„ cf. serrigera, Waagen (gray limestone, S. of Nurrha). 

Oppelia (htchensis, Waagen, n. sp. Very much like Oppelia compsa, 0pp., however* 
mu^ smaller; the siphonal side rounded, granulated; tubercles on the body-chamber scarce, 
dis1ttat> rounded ; ribs entMy disappearing. 

Oppelitt plicodMcus, Waagen, n. sp., belonging to the group of Oppelia suhtililohata^ 
W. and nearly allied to 0pp. tenuilohaiat 0pp. The shell is small and covered with rather 
broad, strongly^ fiririform ribs, which are a little swollen at the middle of the sides ; near ' 
the siphomd margin a great number of very fine, short rib^ which are not in oonnection with 
the o^ets, are vioiUe* 
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Among the species of the genus Harpoceras^ there is a single European form ; all the 
other species are as yet known only from the Indian Jura. The species are : 

Ha^ocerat h^cticwm^ Hein, (golden oolite, Keera hill). 

„ ignobile, Sow. (yellow limestone, Keera hill), 

„ crasstfalcatum, Waagen, n. sp. (same layer and locality). 

„ Orientate, Orb. (rock indistinct, Keera hill). 

„ fornix. Sow. 

„ NurrhaJ^e, Waagen, n. sp. (iron nodule, Nurrha). 

Harpoceras erasetfalcdtum, Waagen, n. sp., resembles very much ICarp, ignohile^ 
Sow., but the whorls are depressed ; the ribs much stronger, less numerous aud much more 
irregular ; the species is also of smaller size, when adult. 

llarpoceras Nurrhaense, Waagen, n. sp. Allied to Harp, lunuhty Rein., but the ribs 
which cover the sides of the shell are much finer and sharper, and much more curved than 
in the last mentioned species. 

Peltoceras, Waagen, n. gen. This genus is, I consider, very closely allied to Aspido- 
ceras, Zitt., and possibly only a sub-genus of it. It i^ established for the species which Zittel 
in his last volume on the Tithonian fauna has separated from his genus and united with Peri- 
sphinctes, but I think the relation between those forms believed to belong to Perisphincies 
and Aspidoceras perarmatum, as he calls this Ammonite, are much closer than the relations 
between them and'^ the true Periepkinctes, though contractions of the whorls also occur in 
the former specie?. I am disposed to consider in this case the form of the lobes as the most 
important distinguishing character. Thus, for instance, in Amm. Arduennensis and Amm. 
perarmatus, the lobes are nearly identical in both species, the first lateral lobe being so much 
enlarged that the second lateral lobe becomes nearly obsolete ; and as this form of lobes 
never occurs in the true Aspidoceras (as Asp. iphicervm and others) nor in the true Peri- 
sphinctes (as there the auxiliary lobes have another position), I think it reasonable to separate 
those species with this particular shape of lobes under a distinct generic designation. The 
genus Peltoceras is, therefore, characterised by the particularlg enlarged lateral lobe, a 
^discoid, largely nmbilicated shell ; the whorls sometimes with contractions, alwa/ys covered 
with strong straight ribs, which are sometimes provided with two or three rows of spines ; 
siphonal side more or less flattened or even excavated, ribs crossing over or disappearing 
before they reach the siphonal part of the shell. Aperture more or less rectangular. 
Thus characterised, I believe, the genus should include the groups of Pelt. Arduennense, 
iransversaritim, perarmatum, hybonotum and a few otber^ less known, forms. The species 
of this genus occurring in the Kutch Jura are : 

Peltoceras athleta, PhilL (gray marl nodule, N. of Goodjinseer). 

„ aegoceroides, Waagen n. sp. (brown oolite of the Jooria hills). 

„ Arduennvnse, Orb. (same layer and locality). 

„ semirugosum, Waagen, n. sp. (brown oolite of liodai and the Jooria 
hills). 

„ bidens, Waagen, n. sp. (same layer and locality). 

„ perarmatum. Sow. (brown oolite of Lodai and Jooria, and doubtful 
from the red sandy iron rock of KuntkotcO- 
„ monacanthus, Waagen, n. sp. (coarse yellow sand rock, Katrol range). 

Peltoceras aegoceroides, Waagen, n. sp, A very small species, with many thin some- 
what rounded whorls and numerous simple ribs which cross the siphonal side undivided ; 
whorls barely touching each oilier. 

Peltoceras semirugosum, Waagen, n. sp. This species becomes extremely large, and in 
that form closely resembles Pelt, perarmatum. Sow. Young specimens, however, have almost 
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entirely the form of Pelt. Arduennenee^ Orb., with the single difference, that the ribs, which 
Are, as long as they exist on the shell, divided into two branches nearly from the umbilical 
margin, ore stronger and less numerous. Growing larger each rib is produced at the point, 
where it passes from the lateral to the siphonal side, into a prominent spine, from which the 
rib proceeds regularly over the siphonal side. ' In yet larger specimens a second row of 
spines appears also near the umbilical margin, the ribs become then nearly obsolete, and 
fragments are only distinguishable from Pelt, perarmatum by the peculiar flattening of the 
ribs which connect the corresponding tubercles of both the umbilical and perispherical rows. 

Peltoceras bidenSi Waagen, n. sp. Very much resembling the former species, but dis- 
tinguishable by the ribs being mostly undivided and very coarse ; they are provided on the 
siphonal side with two indistinct tubercles. Large specimens have more distant spines than 
Pelt, semirugosum. 

Peltoceras monacanthus, Waagen, n. sp. Allied to Pelt, hyhonotum, 0pp., but with 
only one row of spines near the umbilical margin, and less distinct granulations on both 
sides of the median excavation on the siphonal side. 

The genus Aspidocera^, though represented in .our Museum by a good many fragments, 
has furnished only two determinable species ; they are : 

Aspidoceras iphioerum, 0pp. (red, fine sandy iron rock, N. of Dhosa). 

„ Wynnei, Waagen, n. sp. (coarse sandy iron rock, at Toodoora, S, of 
Boojooree, together with Hapl. tomephorum) in the highest layer 
containing Ammonites). * 

The other fragments are from the coarse iron sandstone of the Katrol range, and appear 
to be referable to Asp. iphicerum. 0pp., and binodum, Quenst. 

Aspidoceras Wynnei, Waagen, n. sp. Most nearly allied to Asp. Apenninicum, Zitt., 
but the outer row of tubercles stronger, and more numerous ; and in general more irregular 
than in the species just quoted. 

The genus Stephanoceras is extremely rich in forms in the Kutch Jura, but notwith- 
standing this, it only represents there a single group, the Macrocephali. Several 8ub-divi> 
sions among the species belonging to the genus can be distinguished, facilitating the deter- * 
mination of the species themselves. I distinguish (1) a group of species, allied to the true 
St. macrocephalum^ (2) a group of species with bent ribs on the siphonal side, which replace 
in India the group of St. goveriantm, Ac., of Europe, (3) the group of St. modwlare^ repre- 
sented in India but by a single species. 

To the first group belong the following species : 

Stephanoceras macrocephalum, Schloth. (golden oolite of Keera hill, brown oolite 
of Jooria, grayish yellow marl rock of Jumara). 

„ ' ttmidum, Bein, (golden oolite, Keera hill). 

„ Polyphemus, Waagen, n. sp. (common in the brown oolite of Lodai, 
Jooria and N. of Goocyinseer, very rare in the golden oolite of 
Keera hill). 

„ Icmellosum, Sow. (golden oolite, Keera hill ; P yellow sand rock, N. of 
Dhosa). 

„ Waagen, n. sp. (golden oolite, Keera hill; yellow marl 

^ock, Jumara). 

„ ChmMtanum, 0pp. (same rocks and localities as the preceding sp. ; 
also in a sandy iron rook at Kaora, Putchum). 

„ eUphantinum, Sow. (brown oolite, Lodai). 

,, arenosum^ Waagen, n. sp. (same rook and locality). 

„ ? Maya, Sow, (red iron rock, Kuntkote). 
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Stephanoceras Polgphemmt Waagen, n. sp. This species grows enormously large, 
IJ feet in diameter, and seems identical with d*Orbigny*s drawing of St, ivmidum (Orb. non 
Kein.). It differs from the real St. tumidum by very broad rounded ribs and a smooth body- 
chamber, while Beinecke's species has fine sharp ribs and a plicated body-chamber. 

Stephanoceras Chareeense, Waagen, n. sp. Allied to St. Morrisi, 0pp.,. but much 
broader near the umbilicus and with a very narrow siphonal side, on account of which the 
transversal section of the whorl is nearly triangular. There are also some difierences in the 
sutures. 

Stephanoceras arenosum, Waagen, n. sp. Of a very flat lenticular form, with faint, 
broad rounded ribs somewhat resembling St. Lalandeanum, Orb., but the ribs are not un- 
divided, and only few of them reach to the umbilical margin. The lobes are also quite 
different. 

The second group includes the following species : 

Stephanoceras dimerum^ Waagen, n. sp. (golden oolite, Koera hill ; gray marl rock, 
Jumara ; sandy iron rock, Kaora ; doubtful, Jooria). 

„ suhtrapezinum, Waagen, n. sp. (golden oolite, Keera hill). 

„ evLcyclum^ Waagen, n. sp. (brown oolite, Keera hill, Jooria hills). 

„ opis^ Sow. (iron nodules, Keera hill ; brown oolite, Jooria ; oolite, 

. Dhosa). 

„ fissum. Sow. (red iron rock, Kuntkote ; brown oolite, Lodai, Jooria ; 

oolite, Dhosa ; iron nodule, Keera hill). 

„ Nepalense, Gray (red iron rock, Kuntkote; brown sandstone, 
Trummo river). 

Stephanoceras dimerum, Waagen, n. sp. Allied to St. Herveyi, Sow., but with smaller 
umbilicus and with the ribs curved in front on the siphonal side. The ribs are broad and 
prominent ; the general shape of the specimens somewhat globular. Body-chamber with 
strongly curved, high, lamellose ribs. I'he species attains scarcely more than a diameter 
of 60-60 m m. 

StephaTwreras suhtrapezinum, Waagen, n. sp., very much like the preceding species, 
but with much finer ribs, and with flattened sides of the whorls ; the aperture having 
a somewhat trapezoidal shape and the form of the whole shell being more lenticular. It 
attains a little larger size than the preceding species. 

Stephanoceras eucyclum, Waagen, n. sp. Full grown specimens with preserved body- 
chamber have a slight resemblance to similarly preserved specimens of Cosmoceras omatnim 
or Duncani, but the examination of the inner whorls shows that the species belongs to 
Stephanoceras, The umbilicus is very wide, the whorls a little compressed, and covered with 
polytome fine ribs ; the lobes are very short and broad. 

The last group of Stephanoceras is that of Steph. modMare^ Luid., only represented 
in Kutch by a single species. 

Stephanoceras diadenuitum, Waagen n. sp. (golden oolite : Keera hill). 

Stephanoceras diadematum^ Waagen, n. sp. The species attains nearly one foot in 
diameter. Full grown specimens ard entirely smooth, and closely resemble hffge individuals 
of St. modiolare, Luid., except that the umbilicus is always wider ; small specimens, how- 
ever, are entirely different, as they never have the “ Lamberti-like” shape, which characterises 
young individuals of the last mentioned species. St. diadematum has always very broad, 
depressed whorls, which are covered in the first youth with dichotome ribs becoming after- 
wards polytome, and passing with a slight curvature in front over the flat siphonal side ; 
the lateral lobes are situated on this latter portion of the shell. 
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The genus Feruphinctes has furnished, of all the Ammonites, the greatest number of 
species, and I regret that the European species of this genus are as yet so little known, that 
in many cases a comparison of our fauna with the forms found in European strata 
becomes utterly impossible. The forms of Pensphimtes found in Kutch may be 
conveniently divided into a few larger sections, which I may call after the oldest and best 
known species, without, however, assigning these sections the value of developmental series 
(Jormenreihen, Entwickelungsroihen). I distinguish (1). A section of forms, 
related to Per, Konigi, Sow. ; the species to which I refer represent a connecting link 
between the last mentioned species and Per, Polandi, Frischlini, and other Ammonites 
of the European Upper Jura. "The whole section ranges between the true Perisphinctes 
and Stephanoceras, and, following the external form, it could almost with equal right be 
referred to the one or the other of the two genera. (2). Section of forms allied to Per, 
Martiiisi, Ox\i. The species of this section chiefly occur in middle Jurassic andCallo- 
vi an beds, and their number was recently considerably increased by the description of new 
forms in Europe. The latest representatives of it in Europe are known from Oxford strata. 
(3). The species of this section are allied to Per, plicatilis. Sow., and are chiefly from 
Oxfordian and Kimmeridgian beds. (4). Section of forms allied to Per. Peh~ 
manni, 0pp. A small series of species with a very peculiar shape, in many points entirely 
separated from all the other Perisphinctes, and chiefly characteristic for the Callovian- 
Besides these there occur in the Kutch- Jura also some other species which cannot bo referred 
to any of those sections, and which must for the present be looked upon as si>oradic, or 
isolated species. 

The first section, characterised by the great scarcity of contractions on the whorls, 
mostly without any umbilical edge, and by thick scarce ribs, includes the following species 
from Kutch ; 

Perisphinctes obtusicosta, Waagen, n. sp. (oolite of Dhosa ; iron nodules of Keera 
hill ; gray marl nodules, N. of Qoodjinseer). 

„ angygaster, Waagen, n. sp. (same rocks and localities as preceding 

species). 

„ Phosaensis, Waagen, n. sp. (oolite of Dhosa; brown oolite of the 

Jooria hills ; iron nodule, Keera hill). 

„ matans, Waagen, n. sp. (dark red iron rock, N. of Goodjinsecr). 

Perisphinctes ohtusicosta, Waagen, n. sp. Slightly resembling Per, Rolandi, 0pp. , 
but with less numerous and rounder ribs, which are not divided so far down as in the last 
mentioned species; in large specimens the ribs become flatter and more numerous. The 
lobes are much finer and more ramified than in Per, Rolandi, 

Perisphinctes angygaster, Waagen, n. sp. In its general form resembling Per. 
involutus, Quenst., but with only dichotome ribs, which are few in number and obtusely 
rounded ; in some places there is a broad, flat, contraction of the whorl visible. The lobes 
are very much like those of the preceding species. 

Perisphimstes Dhosaensis, Waagen, n. sp. A small species of about 40 m m. in diameter, 
with wide umbilicus, rounded whorls and vexy strong dichotome ribs, which often become 
a little broader in passing ove^the siphonal side, resembling the ribs in some Aegoceras or 
in Amm. Jisskostatus, to which latter species our specimens have a certain resemblance as 
regards their general form. The lateral margins of the aperture have two not vety long 
lano 6 tHa^hap 0 d ears. The species seems to be common. 

Perisphinctes mUia^Si Waagen, n. sp. Young specimens of this species have a certain 
resemblance to Per. DhosaBam^ but the form changes even at an early stage : the whorls 
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become eompreeeed, the ribs Battened, and the bodj-chamber of a specmen of 60 mm. in 
diameter (about the largest size the species appears to attain) is nearly qmte smooth. 

The section of Fer. Martwti is represented In the Kntch Jura by nine determinable and 
at least four, as yet undeterminable, speries, the latter being in our Museum only indicated by 
fragments, not sufiScient for a reliable definition of the species. The better known species 
belonging to this section are : 

Peruipkinctes tpirorhis, Neum. (golden oolite, Keera hill). 

„ hrocteatus, Neum. (same beds and locality). 

„ funatus, 0pp. (same beds and locality). 

„ paramorphux, Waagen, n. sp. (same beds and locality).' 

„ arcicosta, Wa^en, n. sp. (same beds and locality). 

curvieosta, 0pp. (oolite of Dhosa; marl nodules, Qoodjinseer; yellow 
marl rock, Jumara). 

eurpptychut, Neum. (hard yellow limestone, Keera hill). 

Pagri, 'Waagen, n. sp. (red iron rock, Kuntkote). 

CMjituirensix, Waagen, n. sp. (marl nodules, Qoodjinseer). 

Perisphinetet paramorphus, Waagen, n. sp. A remarkable species, which undergoes 
great changes according to age. When quite young, the whorls am rounded and slightly 
involute, covered with strong, few, and dichotomous ribs ; middle sized specimens have a 
slightly squarish section of the whorls, these being more involute and covered virith modcr- 
ately numerous, strong bipartite ribs. Growing only a little larger than 100 m m. in diameter 
the whorls become rather high oval with a narrowly rounded siphonal side, and the ribs 
disappear entirely; in this stage the species resembles large specimens of Per. epirorbis. 

PerUphincten arcicosta, Waagen, n. sp. An intermediate species between Per. auri- 
gerus, 0pp., and ctirvieosta, 0pp. The whorls are compressed like those in the former species, 
whilst the kind of ribbing agrees more with that of the latter. The largest size to which 
the species attains is about 60—70 m m. in diameter. In such specimens the body-chamber 
is but slightly ribbed and the lateral ribs are disconnected from those situated on the siphonal 
side. 

Perisphinctes Pagri, Waagen, n. sp. In its general form very nearly aUied to Per, 
Orion, 0pp., but with less strongly prominent and more numerous lateral ribs ; the ribs on 
the siphonal side are slightly turned backwards. 

Perisphinctes GhidjinsireMis, Waagen, n. sp, A specif also belonging to the group 
of the Convoluti, but certainly one of the most extraordinary forms of the whole group. 
The whorls are very depressed and the umbilicus large. Young specimens are of the usual 
habit, but fuller grown ones become provided with high, distant lateral ribs, which are 
divided into three flat branches on the depressed siphonal side. Full-grown specimens do 
not exceed a diameter of 100 m m. ^ 

In connection with the few last mentioned forms I shall describe three species, which 
are as yet unknown from European Jurassic formations, and which are, strictly speaking, more 
geologically than zoologically related to the former. They are : 

P&risphiActes fi^quens, 0pp. (oolite of a valley, west of Soorka hill, together 
with Bhgneh. myriacantha)* 

„ denaepUcatui, Waagen, n. sp. (same layer and locality). 

„ aberrans, Waagen, n. sp. (white marl rock, Keera hill). 

Perisphinctea dens^licatm, Waagen, n. sp. Very nearly allied to Per. frequena, 0pp., 
but with a somewhat smaller umlnlioas, hi^er whorls, and much finer lateral ribs, which 
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are never tripartite on the outer margin, but sometimes bipartite and sometimes cross undi*> 
vided over the siphonal side. 

Perittphincies aherranst Waagen, n. sp. The only species with which I can compare 
this form is Per. AVbertinus^ Cat., but the difference lies in Catullo s species possessing a 
furrow on the siphonal side when young, while there is no trace of it in the present species. 
The dissimilarity, however, between young and old specimens of aherrans is by no means 
less marked than in Per. Alhertinus. The young form resembles a little Per. eonvolutus ; 
it has many separate rounded whorls, with fine ribs and tolerably numerous very oblique 
contractions of the whorls. When growing larger the ribs of the individual become in an 
equal degree more distant, stronger and higher on the sides of the whorls, whilst, on the 
contrary, they gradually disappear on the siphonal side. 

The third section (of Per. plicatilis. Sow.) is the richest in forms in the whole Jura. 
In Europe it is represented by at least 100 species, all occurring in strata of Oxfordian, 
Eimmeridgian or Tithonian age, but for the greater part the species are as yet undes- 
cribed. The difficulty, therefore, not only in determining, but in comparing the Indian 
species with European forms, is much greater in this section than in an}' other, and the con- 
clusions, which in other groups and genera are so naturally associated merely with their 
names, can in this instance not be drawn from the identity of the species, but only from the 
general habitus of the forms; however, some of the Indian species can nevertheless be 
identified with European Ammonites. The species belonging to this section are : 

PerU'phinctes Indogermanue^ Waagen, n. sp. (brown oolite, Jooria hills; yellow 
marl rock, Joorun). 

„ plicatilis, Sow. (red iron rock of Euntkote; same rock at Joorun). 

„ torquattis, Sow. (coarse iron sandstone of the Katrol range). 

„ hathgploctcs, Waiftgen, n. sp. (same layer and locality). 

„ Pottingeri, Sow. (same layer and locality). 

„ euplocm, Waagen, n. sp. (same layer and locality). 

„ ITatrolensiSf Waagen, n. sp. (same layer and locality). 

„ virguloides, Waagen, n. sp. (red iron rock of Kuntkote). 

Perisphinctes Indogermanus, Waagen, n. sp. Very nearly allied to Per. plicatilis, 
Sow., and often mistaken for this species, but distinct from it by rounded whorls and flat- 
tened ribs on the siphonal side. There are specimens in our museum from Kutch as well as 
from Trouville in Normandy (Zone of Am. cordatus). 

Periephmetes hathgplocus, Waagen, n. sp. Allied to Per. torguatue, Sow., so much 
so that young specimens are almost undistinguishable. Per. bathgplocus has, however, 
always finer ribs and thicker whorls. When large, the lateral parts of the ribs are much 
swollen and distant from each other, and to each of them correspond five or six fine ribs on 
the siphonal side ; only in very large specimens the latter become obsolete, or very nearly 

BO. 

Perisphinctes euploctis, Waagen, n. sp. Allied to Per. Potiingeri, Sow., but with 
much tlnnuer whorls, and S-shaped, irregular, fine ribs. On the body-chamber the ribs 
become scainer, more prominent and straight. 

Perisphiwstes KatroUnsis, Waagen, n. sp. Equally allied to Per. Pottingm as the 
last* but attaining a much larg^ size* and with the body-chamber much less strongly ribbed. 

Pevii^Mnetes vvrg^ides^ Waagen, n. sp. Closely resembles Per. wrgulatust Quenst ; 
are, however^ not so fine and the contractions of the shell indistinct. 

The next sfMtoiea belongB to a group which is of great importance for the geology of the 
Eu^pean Juta ;« it is — 

; periiphinHes Moegmm, Waagen, n. sp. (red iron rock of Kuntkote). 
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The group is typified by Per. polgplocuBf Boin. This latter species is known in Europe 
to be very characteristic for the Kimmeridgian, and not alone that, but the whole group 
is restricted to a similar horizon. It is doubtful whether in India the geological position is 
exactly the same, but nevertheless Per. leioeyman deserves particular notice. 

Perisphinctes leiocymon, Waagen, n. sp. Closely allied to Per. polyplomst Eein., but 
with much fainter ribs and of. by far larger dimensions ; bnly the ribs are near the umbi- 
lical margin somewhat more strongly marked. The species shows also by its rounded ribs 
some slight resemblance to Per. albienue^ 0pp., and thus the Indian species may be said 
to represent a connecting link between the section of Per. Martiusi and the Polyplooi 
group. 

The last section of Perisphinctes is that of Per. Pehmanni, 0pp. The species belong- 
ing to it usually possess spiny whorls and a fiat band along the middle of the siphonal side. 
Though I think the section originates with Per. sulcatm^ HehL, I quote as the first species 
Per. Pehmanni, because the geological relations between those two species have not as ^^et 
been established. The Indian species belonging to the section are : 

Perisphinctes Pehmanni, 0pp. (golden oolite, Keera hill). 

„ anceps. Rein, (iron nodules, Kocra hill ; oolite, Dhosa). 

„ arthriticusy Sow. (iron nodules, Keera hill). 

„ Jooriensisy Waagen, n. sp. (brown oolite, Jooria hills). 

Perisphinctes JooriensiSy Waagen, n. sp. Allied to Per. Palderus, 0pp., but more 
evolute, with less numerous contractions on the whorls and sharper and more regular ribs. 

The 73 species above enumerated have been determined and described from the mate- 
rials in our Museum with sufiicient certainty. Several forms I was obliged to put aside, 
partly because the materials were in bad preservation, and partly because there was not a 
sufiicient number of specimens existing, in order to point out the exact relations or distinc- 
tions of the species ; tHs is particularly the case among the Perisphinctes. 


The oldest known locality whore Ammonites occur, and at the same time the richest 
in forms, is the Keera hill near Charee, anti the mineralogical differences of the rocks in 
which difierent species are preserved clearly indicate that there must be several distinct 
groups of middle and upper Jurassic strata exposed. This variety of the rocks cannot bo 
accidental, as is, for instance, shown by St. twmidum or Per. funatus, which never occur 
in an iron nodule, while Per. arthriticus has never been found in the golden oolite. Of the 
different beds in this locality, containing difierent Ammonite-faunas, 1 can at present point 
out two, each with a sufficiently large number of species, the golden oolite and the bod with 
iron nodules ; all the other strata are represented only by a few species 
(1.) Ammonites of the Golden Oolite of Keera hill near Charee : 


Phylloceras disputahile, Zitt. 

„ Zignodianum. Orb. 
Jjytoceras Adeloides, Kud. 

Oppelia suheostaria, 0pp. 

JSarpoceras hecticum, Rein. 
Stephanoceras macrocephalum, Schloth. 
„ tumidum, Rein. 

„ Polyphemus, Waagen. 

„ lafnellosum, Sow. 

„ ChareeSnse, Waagen. 


Stephanoceras Grantanum, 0pp. 

„ dimerum, Waagen. 

„ subtrapezinum, Waagen. 

„ diadematum, Waagen. 

Perisphinctes spirorbis, Neum. 

„ hracteatus, Neum. 

„ finatus, 0pp. 

„ paramorphus, Waagen. 

„ arcicosta, Waagen. 

„ Pehmanni, 0pp. 
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Of these species Fh. d^ysutahile, Zitt., Zignodianum, Orb.> and Lyt. Adeloides^ Knd., 
are known to be characteristic in the xnediten*anean province of the jurassio formation of 
Europe for a group of strata beginning with Bathonian and most probably terminating with 
lower Oxfordian rocks. The following species indicate a much more narrowly limited hori- 
zon : Steph. Tnacrocephalum, Schloth., iumidum^ Bein., Grcmtanum, 0pp., Ferisph. spirorhis, 
Neum., hracteatus, Neum., funattis, 0pp., and Behmanni, 0pp., all withoiit exception in the 
central European province are highly characteristic for the lower Kellovian beds, or the ** zone 
of Si. macrocepAalum** of Oppel. The Ammonite-fauna of the * Golden Oolite* shows very 
little resemblance to the faunas of other localities, and in fact there are only three species which 
are common to this layer and the brown oolite of Lodai and the Jooria hills ; those are Fhyll. 
dispuiabilet Si. macroc^halum (very rare at Lodai), and Folyphemus (very rare at Keera 
hill). It seems to me that the characteristic species of the Ammonite-fauna of this 
Golden Oolite appear again only at Kaora in Putchum, and at Jumara, though similar rocks 
may be often represented in different horizons throughout the Eutch jurassio territory. 

2). Ammonites of the Iron nodulee of Keera hill near Charee«— 

Siephanoceras opie^ Sow. 

„ flasum, Sow. 

Periaphinctes ohiuaicoaia^ Waagen . 

„ angygaateTt Waagen . 

„ Dhoaaenaia^ Waagen . 

„ ancepa, Bein. 

„ arikrUicuaj Sow, 


The greater part of these species also occurs at the two next localities, and I shall, 
therefore, quote those occurring in the two latter immediately following. 

(3) . Ammonites of the Ooliie of Dhoaa — 

Stephanoceraa opia, Sow. 

„ fiaaum. Sow, 

Periaphinciea ohiuaicoata^ Waagen. 

„ angygaaier, Waagen. 

„ Fhoaaenaia, Waagen. * 

„ curvicoaia^ 0pp. 

„ aTtcepa, Bein. 

(4) . Ammonites of the dark-gray marl nodulea, Goodjinaeer’^ 

Pelioeeraa aihleia, Phill. 

Periaphinciea ohtuaicoaia, Waagen. 

„ angygaaier^ Wai^en. 

„ curvicosta, Opp. 

„ Gudjinairenaia, Waagen. 

There is, I think, but little doubt that the Ammonite-fauna of these three localities in- 
dicates very closely the same geological horizon, particularly when we consider the small 
nuiiaber of specimens (there are in our Museum not more than about 60 specimens preserved 
from all the three localities) which were examined, and that these have famished so many 
identical species. ^ 

Of the species noticed, the following are found in the European Jura : Peli. aihleia, 
Peruph. dwiepa and curvicoata ; all three are most characteristic forms of the upper Eello- 
way strata. 

The next locidities which have furnished a greater number of species are Lodai and 
the Jooria hills. The rock containing the fossils is a very fine, often sandy dark-brown 
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oolite with much iron, and the Ammonite-fauna of both place% is so very closely allied that 
it will not be necessary to quote the species separately. 


(6). Ammonites of the ** Brovm oolite*' of Lodai and the Jooria hills — 


Bhylhceras disputahile^ Zitt* 

„ Lodaiense, Waagen. 
PeltoceroLs aegoceroides^ Waagen. 

„ Ardvswnmse, Orb. 

„ semirugosum, Waagen. 

„ hidenSf Waagen. 

„ perarmatum, Sow. 

Stephanoceras macrocephalumf Schloth. 


Stephanoceras Bolgphemm^ Waagen. 

„ elephantinum. Sow. 

„ arenosum, Waagen. 

„ eucyclum, Waagen. 

„ fissuMt Sow. 

Perisphinctes Dhosaensu, Waagen. 

„ Indogermanus, Waagen. 
„ Jooriensi&f Waagen. 


Of Pkyll, disputahile 1 have already mentioned the geological position ; among the 
other species in the list it may seem a little strange to find together, apparently in the 
same layer, 8L macrocephalum and Pelt, perarmatum. The discrepancy may bo explained in 
two ways. Either there exist in Lodai and Jooria two layers of very similar lithological 
aspect, but of different age, or St, macrocephalum had in India a greater vertical distribu- 
tion than in Europe, that is, the species passes in India from lower into higher strata, 
during the deposition of the latter of which it was already extinct in Europe. The latter 
explanation seems to me the more plausible one, because there occurs also in another locality, 
at Kuntkote, a species of the Macrocephali, (St. Maya, Sow.,) which is so closely allied to 
St. macrocephalum, that it is hardly possible to distinguish them specifically, and also because 
in Kutch the Macrocephaligroxyp in general seems to continue, in a great variety of forms, into 
higher beds than is the case in Europe. Under these circumstances, we may, therefore, con- 
sider as the most valuable species for determining the age of the strata above noticed the species 
of the Peltoceras, which in Europe are highly characteristic for lower and middle Oxfordian.* 
Tlie most important species are Peltoc. Arduennense and perarmatum, and next to these 
Per. Indogermaaus, which is very common in the “zone of Am, cordatua** of the “Vaches 
noires." 


The brown oolite has, in common with the oolite of Dhosa, Steph, opia and fiaaum, 
whilst on the Keera hill we again find St. eucyclum in an indurated yellow limestone, 
together with Per. euryptychua, Neum., which possibly could represent the brown oolite in 
that place. 

The locality west of Soorka hill has famished only two species of Ammonites^ 
Pervaphindea frequena, Opp., and 

„ denaeplicatua, Waagen, 

associated with Bhynch, (JSemithyria) myriacantha, Desl., in a brown oolite, very much like 
that of Lodai. 

The next locality of considerable geological interest is that of Kuntkoto, because 
Sowerby has described from there several species, and among them Per. calrua, which 
was most probably wrongly identified with one occurring in Europe; but unfortunately 
no specimen of true A. calvua. Sow., is found among our materials. The rock of Kunt- 
kote is dark-red, fine sandy, ferruginous, much impregnated with salt and gypsum. The 
species are — 

(6). Ammonites of the red ferruginous rock of Kunthote : 

Peltoceraa cf. perarmatum. Sow. (possibly Pelt. Oegvr, Opp.) 

Stephanoceras Maya, Sow. 

„ fiaaum. Sow. 

„ Nepalenae, Grav. 



100 liecords of the Geological Survey of India, [vol. iv. 

Perisphinctes Pagri, Waagen. 

„ plicatilisy Sow. 

yf virguloidesy Waagen. 

„ Uiocgmon, Waagen. 

These few species can serve merely by their general character as a guide towards the 
determination of the age of the Kuntkote beds, because the only species of which the 
geological position is well known in Europe, Per, plicatilis, indicates only generally strata 
of lower or middle Oxfordian age. The other forms of Perisphinctes occurring at 
Kuntkote resemble in general character such species as, if found in Europe, would be 
referred to the middle or upper Oxfordian. This and the appearance of the rock leads 
me to believe that the Kuntkote beds are a little younger than the brown oolite, with which 
they have only a single species, St.Jissumy in common. A similar rock to that of Kuntkote 
occurs only at a certain distance north from Dhosa, where Aspidoceras iphiceruniy 0pp., 
has been found in a dark-red and a slightly sandy ferruginous rock. 

The last locality of importance which has furnished nearly the greatest number of 
specimens of Ammonites, though the number of species is not very large, is the Katrol 
range, the rocks there being represented chiefly by coarse ferruginous sandstones and sandy 
ferruginous concretions, with frequent occurrence of fossil wood. The species found 
there are — 

(7). Ammonites of the ferruginous sandstone y Katrol range: 

Pkylloceras ptychoicuniy Quenst. 

Haploceras cf. tomephorum, Zitt, 

Oppelia trachynota, 0pp. 

„ Cutehensisy Waagen. 

Peltoceras monacanthuSy Waagen. 

Aspidoceras Wynneiy Waagen. 

„ 2 sp. indet. 

PerisphiTicies iorquatus. Sow. 

„ hathyplocfusy Waagen. 

„ Pottingeriy Sow. 

„ euplocuSy Waagen. 

„ Katrolensisy Waagen. 

The first three species are European forms, and two of them, Phyll, ptychoicum and 
Hapl, iomepkoruniy are very characteristic for the Tithonian formation of the Medi- 
terranean Jurassic province, whilst 0pp. trachynota occurs in the middle and upper Kim- 
meridge and Tithonian layers of the Mediterranean and Central European provinces. 
Of the other species, only monacanthus and Asp, Wynnei have a decidedly Titho- 
nian character, whilst among the PerisphincteSy the absence of the group of Per, poly • 
plocus also indicates very high Jurassic bedf^ It should also be mentioned that Mr. Feddeu 
notes on the label accompanying the specimens of Asp, Wynnei and Hapl, cf. tomephorum — 
** From the highest beds containing Ammonites,” 

Becapitulating briefly what I have said regarding a few of the principal localities con- 
taining Ammonitesy it seems clear (1) that at difierent places there are strata of a difierent 
mineralogicol character re^esented; (2) that these strata contain species of Ammonites 
mostly, peculiar to themselves ; and (3) that these species indicate distinct geological horizons. 

If we take only those species into consideration which occur in the Kutch, as well as in 
the European Jura, we find that in the golden oolite of Keera hill there are nine species of the 
** zone of JSt. macuroeephalum in the oolite of Dhosa and the equivalent beds there are three 
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species of the “asones of Berisph. anceps and Belt, athleta;*' in the brown oolite are three 
species of the “ zone of Am. cotdatm** and one of the “ zone of 8t. macrocephalum** In 
the ferruginous rock of Kuntkote there is one species common to the “ zones of Am. cor~ 
datm and Belt, transversarium ;** and, lastly, in the coarse sandstone of the Katrol range 
are two species of the Tithon-formation and one common to middle and upper Kimmer- 
idgian and Tithonian. 

If, therefore, the faunas have not io their development in India followed other laws 
than they did in Europe, we might arrange the deposits of the whole of the Eutch J ura in 
the following manner : 


Probable equivalents in Europe. 


Tithonian and Upper Kimmcridfj^iau.* 
Upper Oxfordian. 

Lower Oxfordian. 

Upper Kelloway. 

Lower Kelloway. 

Bathonian. 

The most general division we could at present introduce into the Kutch Jurassic deposits 
is to separate them into two complex groups of sandstones, divided from each other by a 
zone of oolites of comparatively small thickness. 

But there remains yet the great question, what is Mr. Wynne's “Upper Jura of Kutch” 
which contains the plants, of which several are considered as identical with those of the 
Kajmahal hills, for all the beds which I have previously noticed, and which appear to 
represent the Jurassic deposits of Europe from the Bathonian upwards to the Tithonian, 
compose only the “ Lower J ura” of Mr. Wynne's divisions, based on the physical relations 
of the hods. To answer this question satis&ctorily in the present stage of our knowledge 
is impossible ; we must be content to wait the result of further research into the fossils to 
be found in this interesting province. 


The Raigub ahu Hekgib (Uahgfi^b) Coal-field, by Y. Ball, Geological Survey 

qf India. 

The coal-field thus denominated has hitherto been generally spoken of as the ‘Gangpiir 
field.' The result of my examination having been to show that the greater portion of the 
area is contained in the district of Baigur and the remainder in the sub-zemindari of Gang- 
pur known as Hengir (or Hingir) — ^no portion of the coal-bearing rocks or their associates 
extending into Gangpur proper — ^it seems undesirable to perpetuate a misnomer which is only 
calculated to mislead. 

Whether this area is entirely detached from the Udiptir field or not I am at present 
unable definitely to affirm. My impression is, that a connection does exist towards thenorth- 

* The Lower Kimmeridgian is only represented by a single species, Awp. ^Aieertris, from N. uf Dbosa out of a 

dark-red fine sandy ferruginous rock. 


Bocks. 

Localities. 

Ferruginous sandstone 

'coarse 

Lfine 

Katrol range 

Kuntkote 


r 

Lodai and Jooria 

Oolite 


Dbosa 



Golden oolite 

Keera hilL 

Flaggy, sandy limestone and yellow 
sandstone 

Guddera (Ammonites wanting) 
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west, but where I crossed from one to the other there was an interruption of continuity 
caused by a strip of about four miles of metamorphic rocks. These may possibly only exist as 
a spur from the southern boundary, which, while they penetrate the area of sedimentaries, 
do not extend sufficiently far north to cause an absolute separation of the two fields. 

Approaching this field from the west, I first struck it about a mile, or rather less, east 
of the village of Bagchapa on the Kurket in Baigur, and thence traced it to its extreme 
eastern extension at Kosira on the Baisandar in Hengir. The distance between these points 
is 34 miles in a direct line. So far as my time admitted, I examined the country to north 
and south, and at many points ascertained the definite boundaries. At others 1 was obliged 
to content myself with coigecture, but from such data as I possess 1 feel confident that the 
area occupied by the three groups of sedimentary rocks which occur in this field will be 
found to extend over at least 400 square miles. 

With this introduction I shall, before proceeding to the actual details resulting from my 
preliminary examination, briefly allude to such previous notices as exist regarding the occur- 
rence of coal and coal-bearing or associated sedimentaries in this area. 

Colonel Haughton alludes to the Gangpdr coal 
formation as possibly connected with that of Sirguja 
Colonel Hangbton, 1864.* Palamow, but adds, “ on this point I have no 

reliable data.*’ 

Captain Saxton communicated to the Asiatic Society in 1866 some particulars regard- 
ing coal in the Gangpiir Baja’s territory, some 60-60 
Captain Saxton, I866.t miles north-west from Sumbulpur and 26-30 miles 

from Fuddumpiir on the Mahanudi. He writes, should Calcutta and Bombay be hereafter 
connected by railway this coal would lie on the way. The bed appears very extensive. A 
nal4 running into the Ebe river which joins the Mahanudi about ten miles above Sumbulpdr 
passes over, and through, it, and masses of the upper coal which is very light are floated 
down in the nald in the rains.” • 


No further precise information regarding the locality is given, though little doubt can 
exist that the Baisandar is the ' nal&’ alluded to. 


In a preliminary notice on the coal and iron of Cuttack by Dr. Oldham, reference is 
Dr Oldham ^ discovery by Captain Saxton. Time 

did not admit of the Officers of the Geological Survey — 
at that season engaged in Cuttack — ^visiting the locality. 

sn™. ^ Topographical Survey Map, recenUy 

published, the oocurrence of coal is indicated in 
several looalitieB, especially in the Baisandar river. 

The formations occurring in this area are Talchfrs, Bar4kars, and Upper sandstones, &c., 
(PMahadevas). 

TXLCHfBS. 


The only place at which I met with rocks belonging to the Talchfr series in this 
field was near the village of Bosira at the north-east corner of the area; they are 
very indistinctly seen, and much mixed up with a kind of arhow bed, which is precisely 
similar to one occurring on an undoubted Balkar horizon, and which will he found described 
further on. In the Baisandar below Kosira they consist of greenish and yellow sandstones 
with a boulder bed. 


4 


* J. A, S., B., 1864. 
t Frov. A. B., March, 1855. 
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Mr. Medlioott found T&lchirs all along the southern boundary of this area striking north- 
west from Sumbulpdr, but I had no time to connect these with my work. 

Babakass. 


The Damdda rooks occurring in this area probably belong to the Barikar group. For 
the most part they rest immediately on the gneiss, and are covered and overlapped by the 
upper sandstones and grits so completely that but for the denuding action of rivers they 
would now be altogether concealed. This is more particularly the case in the eastern portion 
of the area where the best coal seams occur. Thus, in the Baisandar and Jhajia rivers the 
Barakars are merely exposed in the beds, while the upper rocks compose the opposing banks. 

It will be more convenient to describe the sections from east to west ; 1 therefore 
commence with that of the Baisandar river. 


In the bed of the Baisandar, the most eastern outcrops of Bar&kars occur south of 
Kosira. From this point the northern boundary of the field can be most distinctly traced 
through the southern tolah of Tikripara ; the south-eastern boundary is less distinct, but 1 am 
inclined to believe that a strip of Barikars, bounded by the gneiss on the east and by the 
upper sandstones on the west, occurs at least as far south as the village of Balinga. 

The section of the Baisandar for about a mile west of Kosira discloses ordinary Barakar 
sandstones and the arkose bed above alluded to; this consists of granitic and schistose materials 
not showing any sign of having been subject to weathering. Beyond these rooks there is a 
succession of rolling seams of carbonaceous shale with occasional bands of coal ; these strike 
with the boundary, but as they are all nearly horizontal, constant repetitions occur in succeeding 
streams, and I had not time to trace out the section in sufficient detail to enable me to affirm 
positively how many distinct seams exist. The first promising seam which I measured occurs 
260 yards south of the Jhapurnga and Tikripara road crossing. The following is the section : — 



Dewending ; dip 16° to 30° eonth qf east. 

Ft. In. 


Sawdstoitbs. 


1. 

Blue fthales ... ... ... 

... 8 4 

2. 

Coal 

4 7 

8. 

Irregular mass of blue shale ... ... 

... 2 6 

4. 

Coal, upper portion shaly ... ... 

8 10 

6 . 

Parting ... 

... 0 8 

7. 

Coal, about 

6 0 


Several feet below not well seen. 


The coal in this seam- at first sight looked very promising, but on analysis it has proved 
to be of inferior quality, the proportion ^of ash being 30*6. I very much fear that there is 
at present no promise of coal of better quality and of workable thickness being found in this 
neighbourhood. Below is a seam of 80 feet of carbonaceous shale with portions coaly. This 
could not be measured without excavations being made, for which there was no time. But it 
gives no promise of containing a workable thickness of coal. 

The reaches above this expose the top of a fine seam of carbonaceous shales with coaly 
bands. The strike being with the stream, a very peculiar terraced appearance is produced. 
Above its junction with the Jhajia the course of the Baisandar is from north to south, and 
thus a very distinct section is obtained of one of the largest seams which has been recorded as 
occurring anywhere. 

It is most unfortunately deficient in workable thicknesses of good coal. The following 
is the section : — 


Ascending, 

^ Ft. In. 

1. Ckmne ffiit sttudstoneB with interpolated earb. shales ... 0 0 

2. Blue and sandy shale ... ... ... S 0 

8. Inlbiior coal with partings of oarb. shales, central portion all coal 6 10 

Carried forward ... 8 10 
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Brought forward ... 8 10 

4. Sondatoue (thinning out to O ) ... ... 1 8 

6. Blue and black ahaloa with occasional coaly layers of 1 inch and less 6 6 

6. Ditto, more coaly, but useless ... ... ... 2 0 

7. Blueahales ... ... ... ... ... 0 7 

8. Papery cooZ and coaly shale ... ... ... ... 4 1 

9. Blue shale concretionary ... ... ... ... 1 10 

10. Carb. shale passing into coaly shale ... ... ... 6 6 

11. Blue concretionary shale ... ... ... ... 6 8 

12. Carb. shale with flaky eoal ... ... ... ... 4 10 

13. Blue concretionary shale ... ... ... ... 1 8 

14. Carb. shales ... ... ... ... ... 0 8 

15. Flaky ettal ... ... ... ... ... 2 0 

16. Blue concretionary shales ... ... ... ... 0 8 

17. Carb. shales, portions coaly ... * ... ... ... 2 9 

Same decomposed ... ... ... ... 3 6 

18. Blue concretionary shales — Dip south south-east 4^ ... 6 0 

19. Carb. shale and flaky eodl ... ... ... ... 1 10 

20. Blue concretionary shales ... ... ... ... 19 

21. Flaky carb. and coaly shale with charcoal markings, coaly por- 

tion coutaining much rod oxide of iron.:. ... ... 16 

22. Bine concretionary shale ... m. ... ... 2 10 

23. Stony coal rery Impure ... ... ... ... 1 2 

24. Ditto, portions flaky... ... ... ... ... 1 3 

26. Flaky carb. shale ... ... ... ... ... 2 0 

26. Blue concretionary shale ... ... ... ... 4 7 

27. Coal with red oxide of iron ... ... ... ... 1 10 

28. Carb. shale ... ... ... ... ... 0 3 

29. Flaky coaly shale ... ... ... ... ... ] 0 

30. Blue shales ... ... ... ... ... 'I 2 

31. Flaky carb. shales— portions coaly— Dip 4” south south-east ... 7 0 

32. Carb. shales ... ... ... ... ... 1 3 

33. Some as 31 ... ... ... ... ... 2 6 

34. Blue concretionary shale. Dip south 6® (comer of bend) ... 1 11 

36. Impure coal much mixed with red oxide of iron and passing into 

flaky coal and carb. shales ... ... ... ... 3 10 

36. Concretionary shale ... ... ... ... 2 7 

37. Flaky coal with iron ... ... ... ... 0 10 

38. Carbonaceous shale ... ... ... ... 1 2 

39. < onoretionary blue abate ... ... ... ... 1 3 

40. Carb. shale and coaly shale ... ... ... ... 1 9 

41. Blue shale ... ... ... ... ... 1 4 

42. Carbonaceous shale and etony eoal ... ... ... 1 10 

49. Flaky coal with carb. shale ... ... ... 3 6 

44. Concretionary blue shale passing into plnUsh oarb. shale ... 3 8 

46. Flaky coal with carb. shale ... ... ... ... 1 3 

46. Blue concretionary shale ... ... ... ... 8 8 

47. Coal permeated with iron ... ... ... ... 1 2 

48. Flaky coal, about ... ... ... ... »• 2 0 

49. Concretionary blue shale ... ... ... ... 3 Q 

60. Carbonaceous shale and flaky coal ... 1' 4*^ to 2 0 

61. Massive sandstones irregularly interpolated and thinning out 

to south ... ... ... ... ... 10 10 

62. Csrbpnsoeous shales — ••• 0 & 

63. Coaly shale containing much iron and alternating with oarb. 

shales 20 

64. Blue and black conorstlonary shale ... ... ... 9 0 

65. Same as 6 ^ ... ... ... ..• ... 0 9 

60. Concretionary blue shale ... ... ... ... 7 O 

67. Concretionary blue and black shales with ooncretlonaiy laycvs. 

Dip 4® south ... ... ... ... ... 12 0 

This is on southern bank of Baisandar. 


Totan 


168 7 
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This seam is also seen in the streams west of the village of Sardega, but not so clearly 
as in the Baisandar. 

Below No. 1 of the above seam there are some Barakar grits, and underneath them 
some arkose beds, which plaster over granitic gneiss, showing a most distinctly natural 
boundary. 

There are no traces of coal or other sedimentary rocks brought down from further north 
by the Baisandar. This, though not a proqf that none such exist, may be taken as collateral 
evidence in favor of the view — also supported by the physical characters as represented on 
the map— that uncovered gneiss continues up to the plat^u and is connected with the 
main gneiss of Eastern ITdipdr, &o. 

In the bed of the Jhflgia river westwards, the large seam becomes much broken up by 
interpolations of sandstones and shales, and with the dying out of the more coaly bands the 
change is so complete that it is impossible to recognise it or trace any portion of it through 
successive reaches. Between Batansarai and Ghogarpali there are several seams or repetitions 
of a seam, but none contain coal of useful quality and thickness. As above mentioned, the 
upper sandstones appear on either bank, and in one place occupy the bod of the stream 
itself. South of Ghogarpali there is a seam containing about 30 feet of shale to one of coal. 
Above the village it is seen again, a portion having been burnt : in the unburnt part there is 
a band of 8 inches of very good coal and several thinner layers. About 25 feet in all of this 
seam is exposed at this second locality. 

Between this and Bograkachar there are frequent outcrops of carbonaceous shale with coaly 
layers belonging to several distinct seams. Close to Bograkachar there is a seam of similar 
character with a slight indication of a dip to east south-east. The contained coal is in very 
thin layers. How far these rocks may extend northwards up the bed of the river I had not 
time to ascertain, but from the pebbles 1 think it probable that the gneiss cannot be very 
far distant. 

This little area of carbonaceous rooks which occupies the beds of the Baisandar and 
Jhajia rivers may be best understood by regarding it as a vast seam of some 500 feet 
of coaly and carbonaceous shale with irregular partings and interpolations of sandstones. 
Occasional thin bands of good coal occur, but they are rare, and the prevailing components 
of the seam are blue and black carbonaceous shales. 

The prominence and abundance of ^e outcrops are such that no one could possibly avoid 
noticing the coaly looking beds which aii^articularly well exposed in the vicinity of Ihe road 
crossing at Tikripara. 

As to the extension of these seams southwards underneath the upper sandstones 
nothing certain is at present known, and should it be found that the latter rest immediately 
on the Tdlchirs of the south boundary, then it will be impossible to solve this question 
without having recourse to borings. 

The centre part of this field is traversed by two principal streams, the Koldiga and the 
Kelo, with a number of smaller tributaries, llie high ground between these is probably for 
the most part occupied by outlying patches of the upper sandstones, while in Uie river beds 
Barfikaf rocks are exposed. 

Kelo Section . — In the river section between Jhargaon and Hokra there are several 
outcrops of seams consisting of carbonaceous shale." Only one, that near Tiptipa, contains 
coal, but even there it is in too small quantity to be of any use. At Hokra there is a 
10 foot seam of concietilonaty idiale, no coal — dip 4" to 35*^ east of south. 

Beyond the Gari Gh4t there is a 2 foot seam of concretionairy shale and coal — dip 7^ south. 
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In the^^Bendia (near the mouth), which joins the £elo at Gari, there is a considerable 
seam. 


Aseending—Bip irregular, aoutk-met 5^. 

Ft, In. 

]. Carb. shales, bedding irregular, with some slight coaly layers 

towards base ... ... ... * ... ... 4—6 0 

2. Coal, portions flaky, but for the most part bomable, mnoh wea- 

thered ... ... ... ... ... ... 4 10 

3. Farting, ferruginous sandstones ... ... ... 0 0 

4. Flaky oonl with carb. shale ezcessirely weathered and decom- 

posed ... ... ... ... ... ... 6 0 


16 ^16 4 


1 think it possible that some good coal might be extracted from this seam. In its present 
decomposed condition eyen, it is easy to see from the manner of weathering that good or fair 
coal exists. The thicknesses given above do not hold for all parts of the seam. In this 
same stream (Bendia) higher up a rolling seam of carbonaceous shale with a few inches 
of coal continues on both sides for about half a mile. 

Between this and the village of Komkel there are three seams consisting of blue shales, 
the most southern of which contains some layers of good coal 6 inches thick. 

Betuming to the Kelo section. At the top of the next reach beyond the mouth of the 
Bendia there is a seam containing 12 — 15 feet of blue and black shales with coaly layers — dip 
4** to SO'*, south of west. 

In the next mile and a half four or five seams are met with ; they are apparently repeti- 
tions of those above alluded to in the Bendia ; none of them contain any useful quantity of 
coal. 

At Milupara there is a change in the dip to more or less north of west, and two or three 
seams are exposed with intervals covered. Sandstones are the only rocks seen up to Khara, 
but near the village there are some greenish fine sandstones which I at first thought might be 
Talchirs, but they appear to overlie the carbonaceous shale. Near Khara there were still 
fragments of coal in the stream, which showed that the northern limit of the dBorakars had 
not been reached. There were also, however, a quantity of gneiss fragments which had 
not the appearance of having travelled any great distance. The hills formed of the upper 
sandstones impinge close on the bonks of the river in neighbourhood. 

Koldiga Section , — In the Koldiga below M atfit d there are rolling carbonaceous shales 
with ironstones and flaggy beds, but 1 did not see any coal. The whole aspect of these rocks 
reminded me more of the carbonaceous shale and ironstone group” than of any other rocks 
of the Damuda scries which I have elsewhere met with. 1 am not, however, prepared to say 
at present whether they are suscepilble of separation from the Barfikar group. 

Between the Somkera and Farega and Samkera and Gasbahari road ghfits the flags 
accompanying the carbonaceous shales present a veiy peculiar appearance, being of green buff 
and grey colors, somelames resembling Tdlchfrs, but always closely connected with the 
carbonaceous shales. 

East of this the section consists principally of carbonaceous shales up to Dumartoli, 
where the stream fidls from the higher ground occupied by the upper sandstones. 

Much remains in this area to be done in the detailed separation of the Bardkars from these 
upper rocks. Kxcept where there are marked physical features, owing to the slightness of the 
contrast in lithological characters, it is extremely difficult to draw a satisfactoxy boundary. 

West from the Kelo the coal-bearing rocks are found for a distance of 13 miles. 
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In the Pdjd river there ai« some fragments of coal brought from some seam or seams 
north of the high road, hut none are exposed in its immediate vicinity. 

In the Dighi stream at Deogurh there is a seam of blue and black carbonaceous shales with 
5 inches of coal at the top. No better seam is exposed in the river for a mile to the south. 

In the Hurinara stream there are sandstones and some traces of coaly and carbonaceous 
shales. Between the valleys of Simra and Charatonga there are some ferruginous sandstones, 
possibly Bardkars. Between Ohoratanga and the Kurket river there are Bar&kar sandstones, 
and the same are better seen in the bed of the river itself. The section examined in both 
directions north and south for about half a mile showed no signs of coal in situ, but fragments 
occur in the bed of the stream. 

The boundary of these rocks must cross the Kurket about midway between the villages 
of Edbo and BSgchapa.* 

Bdgchapa itself is on gneiss, and about a mile to the south the boundary of the Vindhyans 
is marked by a low range of hiUs. 

Upfeb Sandstones. 

The manner in which, especially in the eastern portion of this field, the coal-bearing rocks 
have been covered by the upper sandstones has been already alluded to. The principal area 
of these rocks exists south of the strip of Barakars which are exposed at the drainage level 
by the rivers and streams. How far it extends southwards is not known, and the important 
economic question as to the extension of the coal measures underneath has still to be deter- 
mined. If it be found that the Barakars crop out from beneath them and rest on 
the Sumbulpdr Tdlchirs described by Mr. Medlicott, then the question will be solved, but if, as 
is possible, and in some degree probable, the upper sandstones lap over on to the T&lchfrs 
without any appearance of Barakars intervening, then the extension of the latter can only be 
ascertained by borings. 

North of the Barfikar sections the upper sandstones form large hills, sometimes resting on 
the former and sometimes resting immediately on the gneiss, as is particularly well seen in the 
valley north of Jhanjgir. The lithological characters of these rocks are very much the same 
as they were in the northern fields — highly ferruginous sandstones and grits, and red brown 
and ochreous clays sometimes with fragments of plants. The bedding is for the most part 
horizontal, and apparently does not partake of the rolling which characterises the underlying 
Barakars. ^ * 


Description of the sandstones in the n^iohbodbhood of the first barrier on 

THE GodAvArI, and IN THE COUNTRY BETWEEN THE GoDAVArI AND ElLORE, by 
William T. Blanford, P. G. S., Deputy Superintendent, Geological Survey, 

A brief notice of the great sandstone tract in the valley of the God&varf and its tributaries 
has already been given in the Eecords of the Geological Survey of India for 1871, pages 49 — 52. 
The following pages furnish a somewhat more detailed account of the south-eastern portion 
of this area, e^nding from the junction of the T&l with the Goddvari to the alluvium of 
Yelaur (EUore) and B4j&mahen^. 

The only portion of the country which has been closely examined is the area occupied 
by the Damtida rocks, which are seen in the Godavari just below the junction of the T41, 
and again about 80 miles lower down tiie river near the village of Deoxpali and G^anara on 
the left bank, and of Amravdram, Damarcheria, and M4dav4ram on tlfe right. The remainder 

* As I bad no map whatever of this country, I did not attempt any detslled enmlnstion. 
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of the sandstone traet, consisting principallj of K&mthf beds, hiw been more onrsoiily 
surveyed. T&lchfrs occur in several small patches, mostly isolated, in the immediate ndghbour- 
hood of the river. 

The description commenqes at the northern extremity of the area, at the conduonce of the 
T41 and GodiLvari. The various rocks seen on the banks of the latter river between the 
Tal and Bhadr&chalam are noticed in snocession, then the sandstones around Ganara and 
Deorpali north of the God&vari ; and the remainder of the paper is composed of notes on the 
sandstone tract extending from M&dav&ram and Palunchd on the north to the coast alluvium 
on the south, commencing at the north-east comer near Madavdram. 

The country has hitherto attracted but little attention from Indian Geologists : a portion 
of it is briefly described in Dr. Voysey's Second Beport on the geology of Hydrahad* 
and in the extracts &om his private journals ;t and the sandstones on the river banks are 
noticed by Mr. Wall in his “ Beport on a reputed coal formation at Kota.**j; But none of 
these papers do much more than to mention the existence of sandstone or other rocks in 
particular spots. 

It may be as well briefly to mention the features of the Goddvari valley above the 
mouth of Ihe Tal. From Sironchd the river runs through sandstones as far as the commence- 
ment of the second barrier just above the confluence of the Indraoti river with the Gndavari. 
Here it enters metamorphics, the sandstones (Kamthi, &c.,) occupying the country to the 
south-west. At the bottom of the barrier, after traversing a band of Vindhyan quartzites, 
the river enters the plant-bearing sandstones, and they are the only rocks seen upon its banks 
from thia point to the mouth of the Tal, but at a short distance inland from the left hank 
a high range of Vindhyan quartzite runs parallel with the river, and terminates, a miles 
before reachhig the Tdl, not far from the large village of Charla, whilst the quartzites and 
their associates extend as far as the T&l, and re-appear south of it. On the right bank of the 
river the sandstones stretch for a considerable distance, much farther than on the left. 


All the country between Charla and the Gndivari appears to be alluvial ; no rock is seen 
in the river bank for a long distance above the mouth of the T&l. 

On the road from Charla to Tiagra (Tengra) Tilchirs are seen about a mile from the T&l. 

Some more are met with in the jungle to the east- 
Bocks n«sr Gharls. ward ; but between the road and the Godivarl none 

were detected. At Charla itself, nothing could be seen on the surfrce, and the hills to the east- 
wailtt are of Vindhyan sandstone, but blocks of uiu|ktid£eable K&mthis have been dug out 
from the north side of the village to repair the ta^L There can, I think, be but little doubt 
that these are in place, and, if so, both Damtidas and Tilchixs, which appear to the south- 
ward, must here be overlapped. 

In the branch of the God&vail east of the island (char or lanka) above the mouth of the 

T41 one solitary block of coarse conglomerate is seen. 
Books near moutk of Til Just above Lingili. Precisely similar rocks come in, dipping at about VI^ 


to the west at the spot where the T&l joins the 
God&varf. At this p^e fragments of coal have been picked up, but despite much search, 
borings through the sand, Ac*, their source had not been discovered until after I had left 
the country .§ Three hundred or 400 yards above its mouth, T&Lchfrs appear intheT&l, dipping 


• J. A. a, B., 1838, Vol. 11, p. 802 . 

* tld. 186Q,YoLZIZ,pp. 287-288 and 806^8. 

X Mad. Jbiir.m ind Sd., 1887, Vol.XVin,p. 88a 

$ Sines I lift tiiS’Gktdftvai't Mr. Vaijwtavsm has ont into a sniall seam of ooal under the .rooks on the north 
side of the TM at Its It Is about a foot thick and varj shalj. This is doubtless the source of the ooal 

fonnd at this spot., 
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at a high angle to the westward, and the same rooks recur at intervals foil^ about three mile» ; 
then limestone belonging to the Vindhyans makes its appearance. This limestone has been 
employed in the anicut and locks at the first ba^er. 

Above Tiagra the T&lchfirs seem not to extend fiu* east of the bed of the T&l, metamorphics 
appearing near the stream on the right bank. On the left bank a hill of Yindhyan sand- 
stone appears just above Keshdpdr. l^e range of hills east of Tiagra, extending to Halverd, 
are of Yindhyan quartzite, east of which metamorphics occur. To the west of them T&lchfrs 
are seen near Tia^, but to the southward all is alluvium between the road to Ddmagudem 
and the river. 

Along the (left) banks of the Gtod&varf below the mouth of the T&l, reefs of typical 

Darndda sandstone, more or loss conglomeratic, run 
Books on of Godavari near LingSlS. parallel with the bank to some distance south of 

Idngdld. The dip is west, and west by south, — at 
Lingdli W. 30® — 40® S., — ^with an inclination of 17® to 20®. These beds abound in Yindhyan 
pebbles and detritus, by which they are coloured quite red in some places. Small seams of 
coal have been found amongst them by Mr. Yanstavem in two or three places, but none 
exceeded 2 feet in thickness, and they can be traced a short distance only. Keefs of similar 
rocks occur in the river at a distance from shore, and beneath one of them a seam 5 feet thick 
was found by Mr. Yanstavem. 

At Omadhdiam, below Lingdli, the river bank falls back to the eastward, and the strike 
of the rocks turns to the south, and then south-west, crossing the river. Beneath the lowest 
reef of Damdda conglomerate seen is some fine sandstone, probably belonging to the TdlcMrs. 
Below this no rocks are seen on the left bank of the river for more than three miles. About two 
and a half miles above Famasdld metamorphics appear, and continue as far as Ddmagudem. 

Above the spot, at a village called Tarkala Singaram (Byechelgoodium on one map) where 

the Damudas appear on the right bank opposite Lin- 
GodAvari near g41A, stoiking across the river, no rooks are seen in 
the river bank as far as Biaram, a distance of eight or 
nine miles, and the country near the river bank consists of alluvium. Further inland rock crops 
out here and there, but much of the surfece is covered with sand or sandy clay. On the 
road from Mn.-ng.g iir to Maugampet coarse felspathic sandstone is seen in two or three 
places. There is a hill of conglomerate dipping westward, south-west of the village of 
Bom&njd, and coarse sandstone and coiil|^erate is seen near Pydran Tank. The hills west 
of Managur consist of similar beds, whfte and brown in colour. The sandstone has the same 
loose pseudo-vesicular texture which is seen in sqme of the EAmthf beds, and in one 
spot hardened day is intermixed with the rock as at Sironch&. The dip is low to the 
west or west by north. 

Bock is exposed here and there throughout toe thick jungle with which all the coun- 
try is covered, except in the immediate neighbourhood of toe river bank. Some small pits 
were made and borings put down near Singaram, and sandy shale and clays, white, pale 
buff, pink and brown, were met with, some of those cut into in the pits containing Qlossop- 
teria. The beds seen at Singaram must be a continuation of toe Damddas seen at Ling&lk, 

but it is impossible to say how much, if any, of the 
Books near Singaram. coarse sandstones and conglomerates seen west of 

Manager should be ascribed to this group. Judging 
from toe other rocks fimnd to the south-east, a large proportion of these beds are probably 
K&mthf, and there is eveiy appearance of the Damddas being overlapped by the K fan to fa 
near Managdr, as they are ini^ probabilily at Charla. 
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The beds seen m the river bank at Singaram are brown and white sandstones, evidently 

Damddas, and the prolongation of the rocks seen at 
8ingui£ Lingdld. Their dip varies, being usually W. 10* to 

20® N., and about 20®, but it ranges from 10® to 30®, 
and is difficult to make out exactly. Down the river, Tdlchlrs come in about half a mile or 
rather less below Singaram and 200 yards west of the village of Yegdradigtidem, and dip north- 
west about 12®. They are thence seen in the river bank at intervals for about three and a half 
miles, as far as a little village called Haigudem. Here the last outcrop of Tdlchfrs occurs at a 
small jutting point ; metamorphics appear about 200 yards further down the river, near the 
houses of the village. A hill not more than 100 yards from the river bank is of Yindhyan 
quartrite, but in the river itself only metamorphics are met with. The dip of the Tilchfrs is 
spmewhat irregular, but chiefly to the north-west, and a considerable area must be exposed. 

The country west of the river from this to Bhadrachalam was only very cursorily examined. 

The great ridge of Eatangota running north-east 
God&vari near Biimagn- ^ BOuth-west is of Yindhyan quartzite ; it is isolated, 
being bordered by metamorphics on the south-east, 
and partly on the north also ; while to the west and south-west T&lchfrs occur, and a bek of 
them extend from its southern extremity to the GodiLvarf at Dumagudem, the village of Mita- 
gudem resting upon these beds. Yindhyans re-appear in the hills south and south-east of 
Mitagddem ; they form the hill about a mile west of the Goddvari opposite Dumagudem, and 
extend south as far as Gh>ndigddem, and thence for an unknown distance to the westward. 
They are much hardened, and the softer beds are rather schistose. The southern boundaxy of 
the plant-bearing series runs from Eatangota hill westwards through Buga, where there is a 
hot-spring ; all Damudas and Tdlchfrs disappearing and massive Kamthis abutting against the 
Yindhyans. Prom near Bdga the boundary runs south-west through a very wild jungle, 
metamorphics replace the Yindhyans, the latter not being found to the southward so far as the 
rocks were examined, whilst the area of the plant-bearing sandstones extends for an unknown 
distance to the west towards Paikhal. 

The anicut of the first barrier opposite Ddmagddem is on metamorphics, but just below 

Tdlchirs come in, apparently continuous with the 
Bocks in Godtfml near Dfimag^dem. larger area to the westward. They occupy the river 

bed for rather more than a mile, and are seen on both 
banks, but do not appear to extend to the eastward. They are quite characteristic, mudstones 
and fine sandstones ; the dip is variable. Just brio#^ Amdgaipali some coarse gritty hard 
sandstone is exposed, dipping north-west ; ft is unusually coarse for T&lchfrs, being even con- 
glomeratic. 

The map west of the river is very inaccurate, and the two banks by no means coincide. 

Just below the anicut, the right bank is marked too 
Inaccuracy of map. frr sout^ or down the river by 200 yards, whilst a 

mile farther down points on the right bank are a 
quarter of a mile farther north than those which are really opposite to them on the left bank. 

A small exposure of T&lchirs is seen on the right bank of the river at Sinteril, two miles 
or rather more below Ddmagddem ; another on the opposite hniik (perhaps part of the same) 

just below. The latter extends for about a mile east 

Xdjoiflhsi south of Bdmagiidem. of the river. Tdlchirs again occur on the left ha-nlr 

just above Ddutheram point, which is of granitoid 
.metamorphics, and a mile and a half below they are seen for a mile along the left bank, not 
extendixg aicross to the right. They, however, stretch inland, to the eastward for about six 
miles. 
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The lowest beds seen on the river bank west of Narsapdr are compact fine grained sand- 
stone dipping north-east and resting with pseudo conformity, as not unirequently happens, on 
the metamorphics. South of Xars^pdr, and a little east of the river bank, close to a small nala, 
this fine sandstone has been quarried to some extent for the navigation works at Dumagddoni. 
It outs well, but has been found to have a great tendency to split and crumble after exposure. 

East of Nars^pfir the ordinary shales or mudstones prevail. Boulders, some of them 
of great size, abound on the road from Nars4pliT to Bandalgddem. One must have been 
nearly 10 feet in diameter. The larger blocks are metamorphic, but smaller pieces are of 
VindUiyan sandstone and limestone. 

Prom T&rb&k6 near Narsaptir to Raigddem, on the right bank of the Godavari, dose to 
' the mouth of the P&mdlerd, four miles below Bha- 

Metamorphlcs near Bhadri&halam. drachalam, only metamorphic rocks are seen in the 

Godavari. In Malcolmson's Map*‘ Deccan overlying 
trap is represented as occupying a considerable area on both sides of the river close to Bha- 

drAchalam. I have not been able to trace the source 
Trap on Halcolmeon's Map. of Malcolmson’s information, but it must have been 

founded on the large quantity of homblendic gneiss 
occurring at Bhadr&chalam and in the neighbourhood. Some of this is so compact as to 
become mineralogically a greenstone. 

The north or left bank of the God4vari is composed of metamorphic rocks until close to 

the village of Deorpali, whilst the south or right 
Banka of Godivarl below Bbadracbalam. bank consists of sandstone from Baigtidem, the boun- 

daiy between the two, which appears to be a fault, 
running along the channel of the river. The hot spring at Gundala, temperature 140°, is con- 
cealed beneath the sand of the river, and a small well is 
Hot spring of Gundala. annually made in the sand in order to reach it. This 

is done at a feast in the month of April. The 
position of the spring is apparently a little north of the boundary between the metamorphics 
and the sandstone, but as very few rocks are seen, the exact position of this boundary is 
uncertain. 

Prom Deorpali sandstones occur, wherever any rocks are exposed, on both banks of the 

river, with one exception, as far as N&ndigdr on the 
Sandstones below Deorpali. left bank, and a little below Madavdram on the right. 

%lie exception is on the latter for about a mile and a 
half above the village of Pol&ram, where metamorphics appear. Below Madav&ram no 
sandstones are known to occur. 

The sandstones around Baigudem, Deorpali, M&dav4ram, &c., are part of the great area 
extending southwards to the neighbourhood of EUore and B4jdmahendri, which has been 
briefly described in the Records of the Gfeo^gical Survey for 1871, p. 40. A full detail of 
the boring operations is given in the same volume of the Records, p p. 69-66. 

In proceeding to describe the geological features of the sandstone area extending from 

Raigddem, Deorpali, and M4dav&ram on the north 
^^^i^ngement of notes on the sandstone ^ alluvium of EQore, it will be most convenient 

first to give such notes as have been made on the 
atnall tract north of the river near Deorpali, next those on the i^lated area to the south 
around Mddav&ram, finally a brief account of the large extent of sandstone extending to 
the southward from Raigddem and Paldnoha. 


• Gool. Trans., Ser. % Vol. V, pi. XLVII. 
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In the small sandstone area extending along the north or left bank of doddvari from 

DeorpaK to N&ndigdr but little rock is exposed, 
SandstoneB north of C[odd?arf near DeoipaU. except in Ihe hills near the first named village, the 

greater part of the ground being thickly covered with 
river aUnvium. The sandstones ext^d inland from one to two miles ftofn the river bank, and 

consist principally of Damiidas, Tilohirs being se^ 
Sandatone tract near Deorpoli. at or outside of the northern boundary in two places, 

whilst the rocks forming the Deorpali hills are 
probably of K&mtbf age. It is possible that this tract and the corresponding one south 
of the river around M&dav&ram are faulted in places, as some of the few dips seen are 
confusing and anomalous. 

The exact position of the eastern boundary is, in great measure, undetermined. The 
first rocks exposed are in the Nandi Vdgd* near N&ndigtir. In this, for about half a mile from 
the God&vari, fine yellow felspathic sandstone is seen in places, dipping at a considerable 
angle to north-west by west, that is, in the direction of the boundary. Metamorphics 
occur to the eastward, but not in the immediate neighbourhood of the stream. The last 
sandstone seen to the northward in the stream bed has low but irregular dip. Above this no 
rook is seen for more than a mile, but sandstones probably occur, because rolled pebbles of 
quartz, &c., are abundant west of the stream and south of the village of N^Uagunta. 
Metamorphics make their appearance in the Nandi stream nearly due east of this village. 

No sandstone whatever is seen in place between the Nandi stream and the Gan&r, but 
metamoiphic rocks crop out to the north. Two boreholes put down north of the village of 
Ganara entered quicksands at depths of 34 and 22 feet respectively, and it was found 
impracticable, after sinking in the first instance through 18 feet, and in the second through 
24 feet of loose sand and water, to penetrate to the rock. In the Ganar Ydgu Damudas are 
seen in two or three places about half to three quarters of a mile from the mouth, and in a 
boring at one of these coal was discovered (see Becords, 1871, pp. 61-62). Above this 
metamorphics appear, but still further north Tdlchirs are met with, and extend north for 
about a mile towards the villages of Maliptir and Kisht&ram. They are almost, if not 
entirely, separated ftom the DamtSdas, metamorphics intervening not only in the stream, but 
to the east of it, while to the west the surface is much covered by alluvium. 

West of the Gkindr stream sandstone is exposed in several places near the village of 
Tdtpali and south of Egeipeta, but the dip is obscure. Apparently it is to the south, 
and the borings put down south of T&tpali appear to indicate that it is very slight. But at 
one spot, at a tank almost due south of Egerpeta and north-west of Golagtidem, sandstone 
is seen dipping to the north-east at 60,^ proving the existence either of faulting or of great local 
disturbance. From this place little, if anything, is seen to the westward as ftur as Gogfileak&. 
In a fieldclose to Egerpeta some Tdlohfr shales were found, but none could be detected thence 
to the westward till about half a mile east of Ghliitipfir, where ihqy are exposed along the boun- 
dary for a short distance, and are well seen in a small nald, all in thick jungle. 

The hills near Deorpalf consist' entirely of grit or conglomerate, and no shale is seen in the 
secrion ^rposed in the river. It appears most probable that ihe rooks briong to the 
group. Whether a fault, in scntinuarion of the boundary souih of M4dav&nun, runs up the 
river, sSfMWting these rooks ftom those of Amraarfirain, is doubtful. Even if sudi be the case, 
it may 1^ of older date than the Slmthis, whidt here, as near Idngdld, appear to be proved by 
thrir distribution to be quite lUnconfonnable to the Bamddas. 

* vag6, TeliiiffB for sttMi, equivslttit to Kadi in Htoduatani. 



PA1?T 4 .] 


Blnnford: SandsioneA of the Goddmrt valley. 


113 


The tract of sandstone on the right bank of the river opposite to that jnst doseriluMl 

, extends from near MadaVaram to I’ohiram, or ralhov 

Sandstone tract near Madavaram, . , « m j. ^ j. ^xr\ i i 

more than four miles from east to west. AVhert; broful- 

est it is between two and three miles from north to south. The southern boundary is n(*arly 

straight, and although there is not, except in the south-east comer, much appearance of disturbance 


along it, it is didicult to believe that it is natural. The dip throughout is to the westward, 
and usually rather high, being seldom less than 10°, frequently 15°, 20°, or even 30°. Talchirs 
occur in the extreme south-east comer ; all the remaining area appeal’s to be occupied by 


Damudas. 


The Talchirs are only seen in a stream which runs into the Goddvari near Raigoma ; they 
are the usual fine silty shales and sandstones, and are vortical, or dip at high angles lo the 
west Jind north-west. They were not seen between the two hills just north of this sjioi, the 
one of metamorpliics, the other of Damuda grit and conglomerate. 

The whole eastern boundary of the rocks north of these two hills is concealed by 
alluvium in the river, which here runs nortli and south ; metamorphics are seen .along the left 
bank. To the east of the alluvium is a low rise formed of conglomerate, extending north to 
the riv(ir east of Madav&ram and terminating on the south in the high bill just refiuTcd to, 
which lies west of the village of Kondapali. This hill has precijiitous sides to the east and 
south, exposing a section of the conglomerates composing it. 

In the small stream which runs into the Godavari near Injaram, north of Kondapali, 
much conglomerate is seen, but no continuous section is exposed for any distance. Itfwjks 
are traced at intervals along the southern boundaiy of the field, and ai^e usually coiigloimTatic. 
The hills near Polaram and a smaller rise south-east of it arc of the same kind of rock. IMiis 
of course is in favour of tlie soutliera boundary being natural, but it should l>e remembeviHl 
that the conglomerates being harder, are more likely to bo exposed than the sotlor rocks 
which may intervene between them. There is much lime along the southern boundary iu;ar 
the villages of Palchalkar and Gangaram, some compact limestone occurring north of the 
last named village, but it is apparently a superficial accumulation. 

Throughout this sandstone tract, as a general rule, very little rock is seen ; usually 
when any appears above the siu’face, as west of the tank south of Shiruvuli, it is grit (»r 
conglomerate. But a tolerable, though by no means continuous, section is exposed in the 
hank of the Godavari. Here also the eastern boundary is not seen, metamorpliics arc mi’t 
with about half way across the river bed (here about a mile broad) opposite the village of 
Murmur, and at the salient angle of the river hank below M4dav&ram there is horizontal 
conglomerate and grit, being the same beds as those forming the rise which bounds tlic sand- 
stone tract on the east. The conglomeratic character appears to diminish rapidly to the 
westward, in which direction the beds for a short distance dii) east, exposing about 1(X) feet 
of rocks, sandstone grit, and some argillaceous beds. The dip then changes to the westward 
just at the mouth of a small nald, and grey, or pale brown sandstone with occasional bands 
of grit or shale, all of typical Damuda characters, dip at a high and rapidly increasing 
angle to the westward. At the anticlinal opposite the mouth of the little nala, a borehole was 
made to a depth of 193 feet 6 inches in order to prove rocks lower than any exposed on tlie 
section. It went through alternations of brown and white sandstones, witli thick beds of 
dark shale containing two or three small and useless seams of coal, none of them exceeding 
8 inches in thickness (see Records, 1871, p. 61). 

At MMavaram there is some crushing and, possibly, faulting, the sandstone being cut up 
hy calcareous veins. A high dip, varying from 20® to 40°, continues ah>ng the river bank as 
far as Shiniveli, the beds being coarse of fine sandstones of varying hardness with occasional 
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shales. Near Shiruveli the dip becomes lower. In some clays just east of the village 
GloseopteriSf Pecopteris^ Vertebraria^ and Calamites occur. 

Thence to Damaroherla the dip is moderate^ about 6® to 10®, and the rocks fairly seen on 
the whole. They arc much the same as to the eastward, fine felspathic sandstone and fine 
clays predominating, with occasional hard massive bands of fine bfown sandstone. At 
Damaroherla there is a little conglomerate and some hard ferruginous bands like those in the 
Kamthis. 


Magnetic iron ore near Pol dram. 


Iron manufacture. 


About half a mile» or rather less, west of Damaroherla, the beds roll up sharply, and there 
may be a fault here. They soon roll over again and consist of coarse felspathic sandstones, 
generally pink coloured or ferruginous, and conglomerates, but associated with hard compact 
grey felspathic sandstones. These rocks continue to beyond Pohlram, metamorphics appearing 
at the mouth of the stream west of the village. 

A small rising ground in the metamorphics south of Polaram contains large quantities 

of magnetic iron ore in laminse with quartz. The 
ore has evidently been largely dug from this spot 
for small diggings are scattered over the ground. 
The iron ore shows very distinct polarity in its actipn 
on the needle. In a small village near this I found women making iron in a little furnace 
barely 2 feet high — a miniature of the Tdlchir furnace— worked by small foot bellows about 
1 foot in diameter. Tlie furnace inside is only 6 inches in diameter at the base, 3 inches at 
the top. It is said by the people that two pieces of iron, each weighing IcJ seer and valued 
at 4 annas, are made in a day.*^ 

Sandstone again comes in on the right bank of ihe river close to the abandoned village 

site of Piindigul. The actual junction of the two 
Tarn. senes is again concealed, but there can be little doubt 

of the boundary being natural. It runs to the south- 
ward into dense jungle, where its position is ditficult to ascertain correctly on so imperfect 
a map ; the rocks being very poorly seen. 

In the right bank of tlie Godavari, from just above the base at Piindigul to the village 

of Amravaram, a good section is expos(»d in which 
Sandstones near Amravdram. few 'breaks occur. The general dip is west, 

vaiying in amount from about 7° to 12°. Towards 
Ike base yellowish-brown sandstone prevails, coarse and felspathic. Above this, to the 
north of the liill, there is much conglomerate, arid tlience to Amravaram sandstone again. 
No clay or shale is seen, mucli less coal, but some cooi'se impure ironstone occurs. 

About the middle of the villagef the section ends, and only scattered outcrops, concealed 
lieneath the river except iu the driest season, occur in the bank of the river above. Just 
above the mouth of the stream, which enters the river above the village, iragments of coal 
occur on the river’s bank just below a conspicuous clump of green bushes ; some sandstone 
occurs in the bushes, and a boring might be put down through it. Above this, again, but one 
small outcrop of rock is seen, nearly in front of Thondip&li, as far as Gumpanapali just below 
BSgddem. Even near Mondip&k (neftrly opposite Gagdbakd) only a few blocks of coarse sand- 
stone are exposed. Near the river bank the country is an alluvial flat, and farther inland 
a sandy rise covered with thjjk jungle, amongst which a few scattered blocks of coarse 
sandstone and conglomerate may occasionally be seen. 


♦ The people were of Lohar caste, *. e,, low eaete Hindae. The Kois, who are Eolarians (thonjph called Gonde 
hj the Maseulmana of the couniry), are eaid to make iron with foot bellowe it» a hole in the ground without any 
farnaoe at all. 

t ’fhis plae^ too far cast on the map, which is very inaccurate about here. 
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The nalA which runs into the Godavari, east of Amravaraui, exposes no rock for some 
distance from its mouth, and no good section is anywhere seen in it. Soft felspathic sand- 
stones and, towards the base, coTiglomerates are met with in it here and there. Even less 
rock is seen in the large Machimangd nala which runs past Xometlagudem. Sandstone only 
appears in this in the form of a few blocks, exposed just below the junction of the two princi- 
pal streams which unite to form it. The more westwardly of the two joining streams, how- 
ever, only traverses metamorphics for a very short distance : above this Talchirs are exposed, 
although there are none in the main stream a few hundred yards distant, where the meta- 
morphics and Damddas are seen within a few yards of each other. After about one quarter of a 
mile of Talchirs, Damiidas or Kamthis (they are undistinguishable here) again come in dipping 
west south-west. ' There is a considerable quantity of coarse felspathic sandstone of various 
colours, mostly brown, or irregularly streaked, and hard ferruginous bands occur at intervals ; 
occasionally ela/ is found in the sandstone. Conglomerate is not prevalent, but it is met 
here and there. 

There is absolutely nothing about these beds by Avhich they can be distinguished from 
Damiidas, but there can be but little doubt tliat the greater portion, if not all, belong to the 
Kamthis. From the general dip they must have overlapped the Amravaram beds. They 
appear softtir than the rocks seen in the river's bank near Amravaram and Mudavaram, 
but this is not an important distinction. 

The hills near Kometlagudcm are of open textured felspathic sandstone, usually white or 
pale brown in colour, with hard ferruginous bands. The sandstones on the hills in this 
neighbourhood have generally this somewhat open texture, which is not usually seen in 
ravine sections, and may be due to the washing out of the decomposed felspar from between 
the gi'ains of quartz. The character of the sandstone is that of the Kamthi beds, hut no 
typical Kamthf rocks occur, neither vitreous sandstone, nor the red and yellow compact shale, 
nor the fine micaceous variegated sandstone. 

From these hills, others formed of similar sandstone stretch away to the southward, 
bordered to the east in the valley of the Machimangu stream by metamorphics, no Talchirs 
intervening. 

(To he continued). 


ACCESSIONS TO LIBRARY. 

Fkom 1st July to 30th September 1871. 

Titles of Books. Donors. 

An account of the organization and progress of the Museum of Compai'ative Zoology at 

Harvard College, in Cambridge, Mass, (1871,) 8vo., Cambridge. 

Director of the Museum. 

Babbut, James. — The Genera Vermium exemplified by various specimens of the animals con- 
tained in the orders of the Intestina and Mollusca Linnspi, (1783,) 
4to., London. 

„ „ The Genera Vermium of Linmeus exemplified by several of the rarest and 

most elegant subjects in the orders of the Testacea, Lithophyta, and 
Zoophyte Animalia, (1788,) 4to., London. 

Babbande, Joachim. — On the Primordial Fauna and the Taconic System, with additional 
notes by J. Marcou, (I860,) 8vo., Boston. 

L. Agassiz, Dib., Mus. Comp. Zool., Habvaed Coll., Mass. 

Bastian, H. C. — The modes of origin of Lowest Organisms, (1871,) 8vo., Londonlf 
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Billings, B. — Geological Survey of Canada. New species of Lower Silurian Fossils, (1861- 
1862,) 8vo., Montreal. 

L. Agassiz, Die., Mus. Come. Zool., Haevard Coll., Mass. 
Bottssingault, M. — Coquilles ct echinodermes fossiles de Coluinbie, (Nouvelle-Grenade,) 


(1842,) 4to., Paris. 

Bose, L. A. G. — ^Histoire Naturelle des Crustaces, Vols. I., II., (1803,) 12mo., Paris. 

Beandt, J. F. — Prodromus Descriptionis Animalium ab H. Mertensio in Orbis terraruni 
circumnavigatione observatorum, Fasc. I., (1836,) 4to., Petropoli. 

BBRYNirs, J. P. — Dissertatio Physica de Polythalamiis, (1732,) 4to., Gedani. 

Buscir, De. William. — Beobaebtungen liber AnatomieundEntwickelungeinigerWirbelloscu 
Seethicre, (1861,) 4to., Berlin. 

Cailliaud, F. — Catalogue des Radiaires, des Anndlides, dee Cirrliipedes, elf des Mollusques, 
Marins, Terrestres, et Fluviatiles recueilles dans le D6partemeiit 
de la Loire-lnferieure, (1865,) 8vo., Nantes. 

„ „ Observations sur les Oursins Perforants de Bretagne, with supplement, 

.(1866-1867,) 8vo., Paris. 

CoLDiNG, A. — Oni Stromningsfbrholdene i aJmindelige Ledninger og i Havet, (1870,) 4to., 
Copenhagen. 


Danish AcXdemt. 


Cotta, Beenhard von.— D er Altai, (1871,) 8vo., Leipzig. 

„ „ Geologischo Bilder, 6th edition, (1871,) 8vo., Leipzig. 

Cox, E. T. — First Annual Report of the Geological Survey of Indiana made during 1869, 
with three maps and colored section in case, (1869,) 8vo., 
Indianapolis. 

Haevaed Coll., Mass. 


CuMBEELANP, Geobge.— Rcliquise Conservat®, (1826,) 8vo., Bristol. 

Darwin, Charles.— The Descent of Man, 2 Vols. 1871 — (1871,) 8vo., London. 

Du JAEDIN, F., ET Hup£, H. — Histoire Naturelle des Zoophytes Echinodermes, with folio . 
plates, (1862,) 8vo., Paris. 

Duvernoy, M. — Memoire sur TAnalogie de composition et sur quelqucs points de I'organi- 
sation des Echinodermes, (1848,) 4to. 

Elliot, Sir H. M. — The History of India, as told by its own Historians, Vol. HI., (1871,) 
8vo., Loudon. 

Government of India, Home Department. 

Gaudey, Albert. — Memoire sur les Pieces solides des Stellerides. These de Zoologie, (1862,) 
4to., Paris. 

Gemmallaeo, Peof. G. G. — ^Nerinee deUa ciaca dei D'intomi di Palermo — 4to., Palermo. 

Geological Survey of California. Palseontology, Vol I., (1864,) IL, (1869,) (1864—1869,) 4to., 
Philadelphia. 

L. Agassiz, Haevaed Coll., Mass. 

Grasffe, Eduard. — Beobachtungen liber Radiaten and Wiirmer in Nizza, (I860,) 4to., 
Ziinch. 

Gras, Albin.— Description des Oursins Fossiles du Dtipartement de ITsbro, (1848,) 8vo., 
Gkenoble. 

GEATBitOirP, Dr.— E ssai sur la Distribution Gdographique, Orographique, et Statistique des 
Mollusques, Terrestres, ot Flu viatiles Vivants du Depai’tement de la 
Gironde, (1858-1859,) 8vo., Bordeaux. 

«, „ Mdmoirc de Gdo-Zoologie sur les Oursins Fossiles Echinides, (1836,) 8vo., 

^ Bordeaux* 
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Gratkloup, Db. — M<S nioire sur plusieurs espdces de coquillcs nouvelles on pen coimiios do 
mollusques, (1840,) 8vo., Bordeaux. 

Gbewinok, C. — Ueber Soplocrinus dipentas und Baerocrinus (1867,) 8vo., Dorpat. 

Haoenow, Db. F. v. — Monographie der Bugen*8chcm Krcido-Verateinerimgen, II., Abth. 
Radiarien und annulaten, (184i(),) 8vo. 

Haueb, F. B. V. — Zur orinnei’ung an Willielm Haidinger, aus Jabrb. d. k. k. Gcol. Rcnch, 
(1871,) 8vo., Vienna. 


The Author. 


.Iaeoeb, G, F. — De Holotburiis Dissertatio Inauguralis, (1834,) 4to., Turici. 

Jackson, Chables T. — ^Report on the Geological and Miiici*alogical Survey of the Mineral 
Lands of the United States in the State of Michigan, under Act of 
* Congress, 1847, (1849,) 8vo., Boston. 

L. Aoassiz, Hauvako Coll., Mash. 
Klipstetn, Db. A. v. — Beitrage zur Geologischen und Topographischen Keniitniss dor 
dstlichcn Alpen, Band II., Abth. I., (1871,) 4to., Giessen. 
Kowalevskv, Db. A. — ^Beitrage zur Entwickelungsgescliichte der Holothurien, (1807,) 4to., 
St. Petersbourg. 

Kbeeft, Gebabd. — Australian Vertebrata Fossil and Recent, (1871,) 8vo., Sydney. 

N. Tbubnee. 


Kustel, G. — Roasting of gold and silver ores and the extraction of their respective metals 
without quicksilver, (1870,) 12mo., San Francisco. 

Lewes, G. H. — Sea Side Studies at Ilfracombe, Tenby, the Scilly Isles, and Jersey, (1860,) 
^ 8vo., London. 

LiNCKii, J. H. — De Stellis Marinis Liber Singularis, (1733,) folio, Lipsiae. 

Lobiol, P. db, et Cotteau, G. — Monograjdiio, Paldontologiqiie, ct G^ologique de Tetage 
Portlandien du Ddparttunent de TYonne, (1808,) 4to., Paris. 

Lobiol, P. de. et Pellat, E. — ^Monographic, Paldontologitiuc, et Gdologique de I’etfige 
Poiilandien des environs de Boulogne-sur-Mer., (1807,) 4to., 
Geneve. 

Maucou, Jules. — ^American Geology, — (1858,) 8vo., Zurich. 

L. Agassiz, Habyabd Coll., Mass. 

„ „ Letter to M. Joachim Barrande, on the Taconic Rocks of Vermont and 

Canada — (1862,) 8vo., Cambridge. 

L. Agassiz, Habvabd Coll., Mass. 


„ „ Notes* oil the Cretaceous and Carboniferous Rocks of Texas — (1801), 8vo. 

Boston. 

L. Agassiz, Habyabd Coll., Mass. 
„ „ Reply to the criticisms of James D. Dana, including Dana’s two articles 

with a letter of Agassiz — (1859,) 8vo., Zurich. 

L. Agassiz, Habyabd Coll., Mass. 

Mabkham, Clements R . — L Memoir on the Indian Surveys— (1871), 8vo., London. 

The Autkoe. 

Mii^dendobff, Db. A. Th. von. — Reise in den aussersten Norden und Osten Sibiriens, 
Band II. Zoologie. Thiel I— (1851,) 4to., St. Petersburg. 
Mivabt, St. Geobge. — On the Genesis of Species — (1871,) 8vo., London. 

Mobius, Db. K. — ^Neue Seosteme des Hamburger und Kieler Museums — (1859.) 4to, Hiimbnrg. 
Moulins, Chables des. — ^Etudes sur les Echinides, Pai’t L (Etudes Ge^eralcsJ— (1836-37,) 
8vo., Bordeaux. * 
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Nacmann, Db. C. F. — ^Elemente der Mineralogie — (1871,) 8vo., Leipzig. 

Nicollet, S. N.— Report intended to ilhistrato a map of the hydrographical basin of the 
Upper Mississippi River, January 11th, 184*6 — (1845,) 8vo., Wash- 
ington. 

L. Aoassiz, Habyabd Coll., Mass. 

Nova Scotia, Mines and Minerals— (1864,) fls. Halifax. 

L. Aoassiz, Habvard Coll., Mass. 

Pacht, Raimund. — Dimerocrinites oligoptilus. Ein Beitrag zur Keuntniss der Gattung 
Dimerocrinites *-(1862,) 8vo., St. Petersbourg. 

Palmer, C., Mubbay, Capt. W. G„ and Ball, V. — Report on the hill of Mahondragiri and 
the native port of Barwah, in the Ganjam District of the 
Madras Presidency, with photographs^{lS70,f^a. Calcutta. 

C. Palmeb, m. d. 

. Pebby, Rev. ,1. B — .A discussion of sundiy objections to Geology — (1870,) 8vo., Cambridge. 

L. Agassiz, Habvabd Coll., Mass. 

„ „ Queries on the red sandstone- of Vermont and its relations to other 

rocks — (1868,) 8vo., Boston. 

L. Agassiz, Harvard Coll., Mass. 

Peters, W. C. II., Cabus, J. V., and Gebstaecker, C. E. A. — llandbiich der Zoologie, 
Band II., (1863) — 8vo., Leipzig. 

Quekett. John. — Lectures on Histology, Vol. I, (1852) — II, (1854) (bound in one) 
— (1852-54,) 8vo., London. 

Quenstbdt, Prof.— Schwabens Medusenhaupt. Ein Monographic der Subangularen Penta- 
criniten, with large folio plates— (1868,) 8vo., Tubingen. 

„ „ Ueber Pentacrinites colligatus — (1866,) 8vo. 

Quetelet, a. — O bservations des Phenombnes Periodiques pour 1869. M5m. I’Acad. Roy. 
de Belgique., Vol. XXXIX., 4to., Bruxelles. 

The Author. 

Report of the Secretary of War, communicating information in relation to the Geology and 
Topography ofCalilbmia — (1850,) 8vo., Washington 

L. Agabsjz, Harvard Coll., Mass. 

Reports of explorations and surveys to ascertain the most practicable and economical route 
for a railroad from the Mississippi River to the Pacific Ocean, 
Vol. I, (1855)— XII, pts. I & II., (I860,)— (1855-60,) 4to., Wash- 
ington. 

L. Agassiz,. Harvard Coll., Mass. 

Sandberger, Db. P. — Die Land, und Siisswasser, Conchylien der Vorwelt. Parts II, III, 
— (1870,) 4to., Wiesbaden. 

ScHOCH, Db. G.— Ein Tropfen Wasser — (1870,) 4to., Zurich. 

Natural Histoby Society of Zurich. 

Selenea, Emil. — Beitrage zur anatomic und systematik der Holothurien — (1867,) 8vo., 
Ijeipzig. 

Shaleb, N. S. — Abstract of some remarks on the relations of the rocks in the vicinity of 
Boston. — (1869,) 8vo, Boston. 

„ „ On the natuss of the movements involved in tlie changes of level of shore 

lines — (1868,) 8vo., Boston. 

„ „ On the parallel ridges of glacial drift in Eastern Massachusetts, (1870,) 

8vo., Boston. 

„ „ On the phosphate beds of South Carolina, — (1870.) 8vo., Boston. 

L. Agassiz, Habvabd Coll., Mass. 
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Stimpson, William. — Synopsis of the marine invertebrata of Grand Manan, SmithsoniAii 
Contrib. to knowledge— (1853,) 4to., Washington. 

Swallow, G. C. — The first and second Annual Reports of the Geological Survey of Missouri, 
— (1855,) 8vo., Jefferson City. 

L. Agassiz, Harvard Coll., Mars. 

Thomses, Julius. — Thermochemiske Undersogclser— (1 870,) 4to., Copenhagen. 

, Danish Academy. 

Tiedemann, Dr. F. — Anatomie der Rohren-IIolothurie des Pomeranz farbigen Seesteriis 
und Stein-Seeigels — (1816,) fol., Landshut. 

Tyndall, John. — Hours of exercise in the Alps — (1871,) 8vo., London. 

„ „ Fragments of science for unscientific people— (1871,) 8vo., London. 

Whymfer, EdwjPed. — Srrambles amongst the Alps in the years 1860 — 1869— (1871.) 8vo., 
London. 

ZfTTKL, (UiiL. A.- -Denkschrift auf Christ. Erich Hermann von Meyer, (1870,) 4to., Miinchen. 

The Academy. 


PERIODICALS. 

American »Ionrnal of Conchology, Vol. VI., pts. 3-4 — (1870-71,) 8vo., Philadelphia. 

American Journal of Science and Arts, 3rd Series, Vol. I., Nos. 5-7, — (1871,) 8vo ,New Haven. 
Annales des Mines, 6th Ser., Vol. XVII., Liv. 1-3— (1870,) 8vo., Paris. 

L'Administb. des Mines. 


Annals and Magazine of Natural History, 4th Series, Vol. VII., Nos. 42-44 — (1871,) 8vo., 
London. 

Blochmann, H.-- -Bibliotheca Indica, New Series, No. 236. The Ain-i-Akbari, Fasc. XIII. 
— (1871,) 4to. Calcutta. 


Government of India. 


Canadian Journal of Science, Literature, and History, New Series, Vol. XIII., No. 1, May, 
(1871,) 8vo., Toronto. 

Costa, O. G.— Fauna del Regno di Napoli, Fasc. 1—1 16- (1832-1870,) 4to., Napoli. 

„ „ Paldoni(dogia del Regno di Napoli, Parts 11., 111., with Appendices— (1854-1863), 

4to., Napoli. 

Fimt Biennial Report of the Progress of the Geological Survey of Michigan — (1861,) 8vo., 
Lansing. 

Harvard Coll., Mass. 


Geological Magazine, Vol. VITT, Nos. 6-8 — (1871,) 8vo., London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. II, No. 12, and 
Vol. Ill, No. 1—(1871,) 4to., Calcutta. 

Government of India. 

Journal de Conchyliologie, 3rd Ser., Vol. X., No. 4— (1870,) 8vo., Paris. 

Leonhard, G., und Geinitz, H. B. — ^Neues Jabrbuch fur Mineralogie, Geologic, und 
Paleontologie, Jahrgang, 1870, Heft 8, and Jabrgang, 1871, Hell 
3-4-(1870-187l,) 8vo., Stuttgart. 

Pal5ontographica, Band XIX, Lief. 6, with title page and Index of Vol. XVII, 4to., Cassf 1. 

Petermann, Dr. A. — Geographische Mittheilungen, Band XVII, Nos. 5-7 — (1871.) 4t<'., 
Gotha. * 

Pfeiffer, Db. Louis. — ^Malakozoologische Blatter, Band XVII, Bg 9, and Band XVIII, Bg. 
1-3— (1870-1871,) 8vo., Cassel. 

„ „ Novitates Conchologicaa, Abbildung nnd Beschreibung neuer Con- 

chy lien, I, Abth, Land Conchylien, IJef XXXVJIl, 4fco., Cassel. 
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Bombb, Db. Eduahd. — Novitates Conchologic®, Abbildung und Beflchreibunp neuer Con- 
chylien, Supplement III. Monograpbie der Molluskengattung 
Venus, Linnd, Lief 30-31, (1871,) 4to., Casscl. 

The London, Edinburgh, and Dublin Philosophical Magazine and Jonmal of Science, 4th 
Series, Vol. XLI, Nos. 276-278, (1871,) 8vo., London. 

The Quart(‘rly Journal of Science, Nos. 29-31, (1871,) 8vo., London. 

Troscuel, Dr. F. H. — ^Archiv fiir Naturgcschichte, Jahrgang XXXTV, (1868,) XXXV, (1869,) 
XXXVl, (1870,) Heft. 1— 4-(1868-1870,) 8vo., Berlin. 


(GOVERNMENT SELECTIONS. 


Bomray. — S elections from the Records of the Bombay Government, New Scries, No. 118. 

Pa^jcrs relative to the introduction of Revised Rates ol‘ Assess- 
ment into the Chikodce and Bedee Talookas, and })art of the 
PadshapoorTalooka, all of the Belgaum ColJectorate, (1871,) 8vo., 
Bombay. 

Government of Bombay. 

„ Selections from Records of the Bombay Government, New Series, No. 119. Paiicrs 
relating to the introduction of Revised Rates of Assessment into 
the Beejapoor Talooka, formerly of the Sattara Collectorate, (1871,) 
8vo., Bombay. 

Government of Bombay. 

„ Selections from the Records of the Bombay Government, New Series, No. 113. 

Papers relating to the revision of jissessment in six talookas of 
the Ahmednuggur Collectorate, (1871,) 8vo., Bombay. 

Government op Bombay. 

Ounn.—IlARiNOTON, H. B. — Report on Dispensaries and Lunatic Asylums in the Province 
of Oudh for 1870, (1871,) fisc., Lucknow. 

Government of Oui>ii. 




Whishaw, J. C. — Sanitary and Vaccine Reports for the Province of Oudh for 1870, 
(1871,) flsc., Lucknow 


Government of Oudh. 


Punjab.— Selections from the Records of the Government of the Punjab and its Dependencies, 
New Series, No. 9. Notes on the Dera Ghazee Khan District, 
North-Western Frontier, and its Border Tribes, by R. B. J. Bruce, 
Esq., (1871,) 8vo., Lahore. 

Government of the Punjab. 


TRANSACTIONS, &c. 


Berlin. — Monatsbericht der koniglichen Preussischen akadomie der Wissenschaften zu Ber- 
lin, 1867-69, and April, May 1871, 8vo., Berlin. 

The Academy. 

Verzeichniss der abhandlungen der konig. Preuss. Akademie der Wissenschaften 
fon 1710—1870, (1871,) ^o., Berlb. 


The Academy. 


Zdisohrift der Deutschen Geologischen Gesellschaft. Band XXII, Heft. 4, 
(1870,) Bond XXIII, Heft. 1, (1871)-(1870-187l,) 8vo., B<^rlin. 

German Geological Society. 
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Titles qf Boohs. Donors. 

Beeslau.— Abhandlungen der Schlefflacben Geaellsehafk fiir vaterlandijche Cultur. Natur. 

wissenscliaffcen und medicin, 1869-70, Philosophische—historis- 
che, 1870 — (1870) 8 to., Breslau. 

The Silesian Society. 

Siebenundvierzigster Jahres-Berioht der Scblesiscbon Gesellsohaft fiir vafcerlan- 
* disohe Cultur, 1869— (1870) 8vo., Breslau. 

The Silesian Society. 

Beuxelles.— Annales de la Socidtd Malacologique de Belgique, Tome I (1863)— IV, (1869) 
(1863-1869) 8vo., Bruxelles. 

•I Aunuaire de TAcaddmie Boyale des Sciences, des Lettres, et des Beaux-Arts de 

Belgique, 37th Year, (1871,) 12mo., Bruxelles. 

Belgian Academy. 

» Bulletins de TAcad^mie Boyale des Sciences, des Lettres, et des Beaux-Arts 

de Belgique, 2nd Series, Vol. XXIX— XXX (1870)— (1870) 4to., 
Bruxelles. 

Belgian Academy. 

„ Mdmoires de TAcaddmie Boyale des Sciences, des Lettres, et des Beaux-Arts 

de Belgique, Vol. XXXVIII, (1871) 4to., Bruxelles. 

Belgian Academy. 

„ Mdmoires Couronnds et Mdmoires des Savants Etrangers, Vol. XXXV (1870) 

XXXVI (1871)— (1870-1871) 4to., Bruxelles. 

Belgian Academy. 

Calcutta. — Journal of the Asiatic Society of Bengal: New Series, Vol. XL, Part I, No. 1, 
Part II, No. Ill, (1871,) 8yo., Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. 7, July— 8, August, (1871,) 
Svo., Calcutta. 

The Society. 

„ Memoirs of the Geological Survey of India, Vol. VH, (1871,) 8vo., Calcutta. 

The Suevby, 

» Becords of the Geological Survey oi India, Vol. IV., Part 3, (1871,) Calcutta. 

The Subvey. 

Chbistchubgh.— iJoumal of the Proceedings of the Provincial Council of Canterbury. 
Session XXXIV— (1871) flsc., Christchurch. 

De. Haabt. 

„ Laws of the Philosophical Institute of Canterbury. Pounded 1862. In- 

corporated 1868— (1870) 8vo., Christchurch. 

De. Haast. 

„ Philosophical Institute of Canterbury. Beport of the Council for the 

year ending Slat December 1870— (]i870) 8vo., Christchurch. 

De. Haabt. 


Copenhagen. — Oversigt over det kongelige danske Videnskabemes Selskabs Porhandlinger 
og 4^ IfedlemmeerB Arbrider i Aaret 1870, No. 2* (1870,) 8vo., 
Copenhagen. 

Danish Academy. 

Dresden.— Sitzungsberichte d^ u^-t ^^^^wissen i^ ^h af ^iche^ Gesellschaft Isis m Dresden. 

Jahrg. 1870, July, Decembj^ (1870-71,) 8vd., Dresden. 

The Isis Society. 
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Titlee ff Books. Donors. 

Flossitcb.— B oUetmo B. Comitato Geologico dltalia, fTos. 5 to 6, (1871 J 8vo., Florence. 

The Society. 

Haaelbm. — ^V erhandelingen de Oommissie Geologieche Beschrijving en Kaart van Nederland * 
Vol. I, (1863)-II (1854) 4to., Haarlem. 

KoHiasBEBO.— Scbiiften der Kdniglichen Physikalisoh— Okonomiscben Gesellscliaft zu 
Konigflberg. Jahrg. XI. Abth. I. — (1871) 4to., Ednigsbeig. 

London.— J ournal of the Society of Arts, Yol. XIX, No. 956, (1871,) 8vo., London. 

The Society*. 

„ Proceedings of the Boyal Geographical Society, Vol. XV, No* 1, (1871*) 8vo., 
London. i 

THj^lpoiBfV. 

„ Proceedings of the Boyal Society, Vol. XIX, Nos* 126 and 128, 

London. 

JThb Society* 

Montbeal.— Geological Survey of Canada* Beport of Progress from 1866-18fo--(1870) 8vo., 
Montreal. 

The Subvbt. 

Moscov.^BuUetin de la Socidte Impdriale des Naturalistes de Moscou, Vol. XLIII, No. 2, 
(1870,) 8vo., Moscou. 

The Society. 


MOnich.— Sitzungsberichte der koniglichen Bayerischen akademie der Wissenschafren zu 
Miinchen, Band II, Heft. l-4» (1870,) 8vo., Mdnohen. 

The Academy. 

PhiladeIiPHIA. — Journal of the Franklin Institute, 3rd Series, Vol. LXl, Nos. 1-2, (1870,) 
8vo., Philadelphia* 

The Institute* 

„ Proceedings of the Academy of Natural Science of Philadelphia, Nos. 1-3, 

January, December, (1870,) 8vo., Philadelphia* 

The Academy. 


St. Petebsboubg. — Bulletin de I’Acaddmie Impdriale des Scidnces de St. Petersbourg, 
Vol* XV, Nos. 3-6, (1871,) 4to,, St. Petersbourg. 
ViENNA.-^DenkBchxiAen der kais-^kademie der Wissenschaiten, Band XXX (1870)— (1870) 
4to., Vienna* 

The Academy* 


Sitzungsbeiicht der kais. Akademie der Wissenschafren* 
Band LX, Abth. I, Heft. 3 to 5, Oct* to Dec. (1869.) 



LX, 


„ 3 to 6, Oct. to Deo. (1869.) 


LXI, 


„ 1 to 5, Jan* to May (1870.) 


LXI, 

II. 

„ 1 to 6, Jan. to May (1870.) 

It 

Lxn, 

.. I, 

„ 1 to 2, June to July (1870.) 

*1 

LXII, 

'II II# 

„ 1 to 3, June to Oct (1870.) 


und Begister zu den Binden 51 to 60 (1871), (1869*1870,) 8vo*t Vienna. 

The AcADEirr. 

Jahrbneh der kais. konjg. Geologischen B^hsanstalt, Band^XXI, No. 1, January 
to Mal^«**(l^l) Svo., Vienna. 

Ifekha^dEgen der kais. kSnig. Qeologisohen B^ohsanstalt, Nos. 1 to 5, January 
to MarQh^(1871} 8to., Vienna* 
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Vienna. — Abhandlungen d. k. k. Geol. Beichs, Band V, Heft 1, Die Beptilfauna dcr Gosau — 
Formation in der neuen Welt bei Wiener Neustadt, von Dr Ema- 
nuel Bunzel. 

„ Abhandkingen d. k. k. Geol. Beicbs, Band V, Heft 2. Die Cephalopoden Fauna, 
der Oolithe von Balin bei Krakau, von Dr. M. Neumayr. 

The Institute. 

WELtiNQ-TON. — Transactions ofthe New Zealand Institute, Vol. II (1869), II (1870) — (1870-71) 
8vo., Wellington. 


De. Haast. 


>» 


Proceedings of tbe New Zealand Institute, Vol. Ill, Parts 1 to 2, January 
to December— (1870) 8vo., Wellington. 


De. Haast. 


ZUEICH. — Viertdljahrsschrift der naturforscbendcn Gesellschaft in Zurich. 

pts. 1 to 4, (1869,) 8vo., Zurich. 


Jahrg. XIV. 
The Society. 
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Noth on KxrLottATioN fob coal in the nobthrbn beoton op the Satpuba bastn, Ay 
II. B. Medlicott, !£. A., F. o. s., Deputy Superintendent^ Gheological Survey of 
India, 

In anticipation of a detailed report of work in the Satpura coal basin, this notice is given of 
any results of practical interest. The coal mines of the S^tariva, and the explorations in connec- 
tion with them as working from the only outcr^of the measures on the north-side of the Satpura 
basin, have naturally been looked to for information to guide us in estimating the chances of suc- 
cess in other analogous positions. In previous reports £ have mentioned the disappointing want 
of information derived from this source, and I regret that the same disappointment has again to 
bo expressed regarding the point upon which information was most needed — the extension of 
the coal seams to the south, towards the dip of the basin. A boring was attempted this year 
at the edge of the Sitariva, south of the present colliery ; but it came to a stand-still at 194 
feet, in the Mahadeva clay and conglomerate, short of the calculated depth at which tlie 
measures might have boon struck. Upon this most important point, therefore, we still know 
no more than might be learned from the exposed outcrops. It was always upon success in 
this direction that the best prospects of the mining concern were considered to lie ; so, to a 
great extent, it may be said that those prospects are as good as ever they were. The some- 
what intricate stratigraphical features noticed in my detailed report of last season’s field work 
may add some little anxiety as to the depth to which the coal may have to be followed ; but 
practically this should at present only add to the urgency for vigorously prosecuting the 
exploration to allow for the opening out of a new mine in deep ground before the exhaustion 
of the very limited supply at present available. 

Notice has also to be taken of a failure of a more positive kind in .connection with the 
exploration of the field within the outcrop of the measures between the present mines and 
the north boundary of the basin. In reporting upon the field in May 1870, before anything 
had been done to try the ground, I stated the geological possibilities of the case thus : — It 
may be said that there are about two miles of known outcrop, the coal being obscurely visible 
at the surface at several spots along the curved line between the two collieries, hut its thick* 
ness (rr its quality in that position has not heen tried. Assuming it to maintain a mean 
thickness of workable coal between the aggregates at the two collieries, say 25 feet, 
(at the rate of 1,000 tons per foot of thickness per acre of seam), wo should have 400,000 tons 
for every '66 feet down the along the whole length of two miles. As at many places 
the seam may be followed for many hundred feet, it is apparent that, without any very 
unwarrantable assumption, we may count upon a large supply of coal for many years to come.* 

I observe in a recent rex>ort of the Narbadi Coal and Iron Company (published in the 
* Mining Journal* for July 6th, 1872), use haa been made of Uie last words oi this quotation. 
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inihont any mention of the conditions so pointedly attached to them, and without any notice 
of the unfavorable realization of those conditions as proved in subsequent trials and as already 
published in my report of May 1871 (Rec. Geol. Sur., Vol. IV., page 67). Some further trials 
during the past season in the same ground to the north of the mines have not resulted in 
anything more hopeful. Shallow pits and galleries were driven upon the outcrop in several 
places, but the seam, besides being greatly crushed, exhibits much original impoverishment, 
shale having to a great extent taken, the place of coal. It is certain, however, that this 
change is only a local accident, not a steady northerly extension of the coal, for in the vertical 
seams still further north, in the abandoned mines of the Sitariva Company, the coal, though 
ruined by the crushing it has undergone, does undoubtedly represent a rich deposit. 

This fact of rapid local change suggests an explanation of a very puzzling structural 
feature in the Narbadd Company's mine. It has been often mentioned how the massive 
bed of coal stops out on the north-east against a steep face of sandstone. Although there 
were little or no signs of friction, and sometimes not even of crashing in the coal, this feature 
was accepted as a fault, having, according to the ordinary rule, an upthrow on the north-east. 
On this supposition a galleiy was driven across the bedding, the dip being north-easterly, 
to find the coal beyond the fault ; shafts were also sunk on the hill above the fault on the 
north-east, but without any success. On the chance of its being a reverse fault, a boring was 
driven to some depth, the shaft of the piine under the river proving the same ground, but the 
seam was not found. It was thus plain that, if a fault, it must have a very considerable 
throw. Against this, however, some very strong d priori reasons were existent. The boun- 
dary of the two formations sweeps across the run of this supposed fault without any dis- 
placement, showing that the age of the fault (if it existed) must be older than the Mahaddvd 
beds, and on the other hand the constant parallelism of the strata in the two formations, with 
great steadiness of horizon in the lower group at the boundary, would be almost incompatible 
with BO great a disturbance affecting the lower group only. There is some direct evidence in 
support, of these arguments ; in the gallery and the shafts driven beyond the * fault' in search 
of the seam, a quantity of hard black sandy clay with thin strings of coal was cut, for which, 
unless it represent the seam, no horizon could be assigned. I believe then that this is only a 
fault in the wider sense given to the term by miners of the nature of what is sometimes 
called a * horse-back,’ a thick drift of sand against which the coal deposit ended. An analo- 
gous feature occurs in the new mine on the lower seams ; these stop abruptly against afi east- 
west fault, of which a section is exposed in one of the road cuttings, showing certainly 
some slipping along the crack, but in the position of the seams beyond this small slip there is 
only found a band of coaly shale and even this dies out within a few yards. 

Regarding the exploration of the Satpura coal basin in other regions, I would strongly 
recommend that efficient trial be made both in the Dudhi and Tawa valleys at some distance 
from the north boundary of the field. In my detailed geological description of the ground 
I notice some features which complicate very much the calculation of the depth at which the 
coal may be cut; indeed any estimate at present without any local precedent to guide one 
would be no more than a guess. The analogy of other Indian coal fields, so far as known, is 
altogether in favour of the coal here being within a workable depth. I would recommend 
Bodi, in the Dudhi valley, and the banks of the Suk Tawa, south of Kesla, in the Tawa 
region* as suitable places for trial borings. An analogous position might be chosen at Bichla 
on thb Bitarira. All these placdf would be clear of the unfavorable conditions — coarse con- 
gl09neiniMS»^igb dips,and copious tr^ intrusions — winch increase the difficulties of exploration 
dose to the boandaiy of the field, as has been so unfortunately experienced in the trials made 
,hy the NarbadA Coeipany ; the borings they have attempted to the south have * come to 
grief at small in the coarse conglomerate. The only inducement to keep near the 
boundary there^ was to be more or less within known and calculable conditions. In choosing 
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actual sites for boring^s in the positions now recommended, the point may be decided entirely 
with reference ‘ to the convenience of surface conditions for the operation, the geological 
data being so vague as to leave the exact point immaterial within a considerable range ; only, 
give a wide berth to trap dykes. 

The discussion of last season’s observations on the north boundary of the Satpura basin 
has led to an inference of the possibility of coal being found in the Narbada valley itself. 
Shallow borings through the alluvial deposits would show whether these were underlaid by 
the metamorphics, or by formations belonging to the coal series. 1 would recommend 
Oadurwara and Bankeri as suitable positions for this experiment. 


August 1872. 


H. B. MEDLICOTT. 


Note on the value of the evidence affobded by batsed oysteb banes on the 

COASTS of India, in estimating^ the amount of elevation indicated thbbeby, 

by Wm. Theobald, Geological Survey of India. 

In a paper in the Becords of the Geological Survey, Fart 3 of 1872, on the 
geology of the Bombay Presidency, Mr. Blanford quotes some observations made 
by myself in 1858, establishing the elevation of a portion of the Kattiawar coast during 
very recent times, and it is with reference to some of the evidence adduced in support of this 
assertion, and in order to correct an error caused by misreading of my notes, that I would 
here offer a few remarks. Mr. Blanford i}oc. cit.)^ 1^^> makes my estimate of the 

rise in the coast that took place in 1856 to amount to ten feet, a misreading for two^ 
the words used by me being as follow 

"Many of these oysters are seen with both valves attached, and evidently but recently 
dead ; and as oysters of this size are never uncovered, 1 presume that an elevatory move- 
ment of at least two feet, and probably more, took place in 1856, the year when all the 
oysters in the creek were destroyed”. Of course a clerical error of this sort is very easily 
made, and in this instance the actual amount of elevation that took place may in reality 
have been nearer ten than two feet. The evidence, of course, of the occurrence of oysters 
of a sort never exposed by spring tides above low water mark is conclusive, but does not 
permit a very exact gauge as to its amount. There is, however, another point connected 
with the question on which I would record a caution. There are on the coasts of India three 
species of oysters which are likely to be made use of in determining questions of littoral eleva- 
tion, viz.^ the creek oyster, the shore oyster, and the rock oyster. The creek oyster is a 
large species something like the fossil O. lingula,; Sow., and possibly. Dr. Stoliezka thinks, iden- 
tical with 0. TalienwahensistQTOz^Ot and attaining occasionally the length of afoot. It is ex- 
cellent eating and universally esteemed, but it is only procurable at the springs, as it rarely 
occurs in less depth than a Uttle below lowest spring tides, and never, as a rule, above that 
level. 

The second species is, in my opinion, merely a variety of the last, and Mr. Hanley, lo whom 
I submitted specimens, declared they were barely distinguishable from the European O. 
eduliSf L. This species occurs sporadically between tide-marks both on the coast of 
Kattiawar and the eastern shores of the Bay of Bengal, in common with both the other 
species, and from its sparse mode of occurrence is, in my opinion, merely an abnorina form of 
the first, reduced in size and altered in appearance by the uncongenial surrounding amidst 
which it has been developed. A specimen collected by myself of this form is figured as O. 
nigremarginatat Sow. in Conch* Iconioa, Plate XXXIII, 84. The third species is the little 
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slipper oyster O. cuculltUa^ Bom, which is seen crtisting every surf-beaten rock wherein 
little else save a limpet or barnacle could make good their hdd. This oyster is eaten 
largely, and is generally wholesome, but as it occurs in creeks and spots where it becomes 
subjected to very unnatural conditions a little caution should be exercised, as under dreum^ 
stances it becomes, I believe, unwholesome. In places exposed to the open sea and the roll of 
the breakers, it would seem to flourish vigorously anywhere between tide marks, but in 
more sheltered spots its proper range seems to be lower, although its vitality is such that 
there seems to be no spot to which the fry can gain access, whereon they will not grow to 
maturity. As an instance of this I will mention one case on the Arakan coast, where 1 noticed 
this species growing at the extreme (neap) liigh water level ; indeed I may say above it, 
where the oyster could never have obtained two hours continuous immersion at any time, and 
that only during a few days in the month whilst for many days together it must have remained 
with its valves closed The spot where this was noticed by me was a small island off the 
coast on its sheltered side. The rocks were sandstone and there was no shelter from the 
sea. 1 landed at high water (neaps), and the oysters I saw along the margin of the water 
were, it seemed to me, dead judging from that position. On knocking off one, however, with 
a hammer, 1 found it was alive, and on putting it into my mouth remarked that it felt un- 
pleasantly warm. From this we ma}^ draw the conclusion that in investigating a raised beech 
or littoral tract the evidence afforded by the presence of the small O. cucullata only reaches 
conclusively to demonstrate the difEeronce between the spot raised and high water mark, 
and that without additional evidence no greater amount of elevation can be deduced there- 
from ; whilst the presence of the larger creek oyster in any raised deposit may be held to 
establish the elevation of the spot it occupied to the full amount of the interval between it 
and low water mark. In all accounts, therefore, wherein oysters are recorded as raised, it is 
ver}' important to obtain speciflo information as to which oyster is meant, the difference 
involved in the discrimination amounting to the entire height to which the tide rises in the 
localit^^ in question. 


Kote oh a posainLE field of coal measubes in the Godavabi Distbict, Madbas 
Pbbsidkncv, iy William Kino, b. a.. Deputy Superintendent, Geological Survey 
of India, 

About twenty miles to the westward of Eajamahindri there is a great area of 
brown and red Kamthi sandstones, &o., which was very rapidly examined and subsequently 
described by Mr. W. T. Blanford. * One of the desiderata of this examination was to 
ascertain if any further indications of underlying coal-bearing rocks existed than those 
already known on the God&vari river, hut Mr. Blanford was only successful in finding 
a small field of these, to which he refers as follows : — ** In only one place was any rock 
seen which had a distinctly Bardhar character. This lies south of the village of Beda- 
uol, nearly due east of Ashraopetta, in a stream, and even in this case the rock was only 
white felspathic grit unaccompanied by shale or any other typical Damuda formation.'* 

During the latter part of the working season just concluded, I have had an oppor- 
tunity of going more closely over so much of Mr. Blanford's area as lies within the Goda- 
vari and Kistna districts, but still without having found any other locality than the 
one l^c^t^'^out by him. Neither could t, here, find any trace of coal, nor is there ^ any 
knowledge in the neighboarhood of its ever having been seen. There is yet, however, the 
possibility of a sealit being found by closer search, considering that there are in the stream 


Bee. O. S. of 1., ISfl, pogc 1672, page 1. 
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courses numerous sand-filled gaps between outcrops of rock wbich may bo scoured out 
differently every season and may thus show coal which we have missed*. 

The absence of shale, as noticed by Mr. Blanford, is not necessarily of material conse- 
quence, as local experience shows, for no shales are exposed in either the Singarcny, or 
Pungady Vagu (Kamdrum, Nizam's dominions) fields, the coal seams in both cases being 
sharply interstratifiod with sandstones. 

This being, up to the present, the only known locality in the Madras Presidency Proper 
of sandstones belonging to the Indian coal-bearing rocks, it possesses more interest than 
it possibly deserves from the small extent of the field and absence of any absolute indica- 
tions of coal. On this account, as well as because it may be found advisable to try the field 
by boring, the following short details are given. 

The field of these Beddadanol beds is about 5} square miles in extent, being situated on 
the head waters of a large feeder of the Yerra Kalwa, with the village, or rather few huts, of 
Beddadanol in its midst. It is some thirty-eight miles west-north-west of Bajamahindri, and 
about four miles or so from the boundary of the Nizam's dominions near Ashwarowpetta. 
The nearest large village, Gunnapawarum, lies a mile and half to the south. The area of 
sandstones is itself covered by thick tree-jungle and very thinly populated. 

The strata extend for some width On either side of the river ; on the left there is a 
width of little more than a mile, with a length of something more than four miles, while 
the patch is narrower on the right, being about a mile wide in the middle and thinning off 
to the north and south. The rocks are thick and thin bedded, coarse felspathic sandstones, 
rather friable, of white or pale grey and buff colors, weathering much darker. They occa- 
sionally exhibit ferruginous concretions on the weathered surface like the sandstones of 
the same group at Lingdla on the Godavari. Generally, the resemblance to the sandstones 
of the Singareny coal-field is most striking. The dip is, as a rule, south-west or westwards 
at low angles of 2°, 5^, 10"^, and there are occasional undulations. 

In the small stream south of Beddadanol there is a tolerably continuous outcrop of 
sandstones, having a general dip of 2'* — 5° to south-west, with frequent easy rolls all down 
the bed until it debouches on the main stream. Very much the same kind of section is 
seen up the nullah north of the village, and again in a side stream further north. In the 
main river there are frequent outcrops of these sandstones below the junction of the first 
feeder mentioned above, and away in the jungle on either bank : but the best outcrops are 
seen higher up at the watering place north-west of Beddadanol, and thence upwards along 
the river course. Hero there is a good deal of sandstone displayed on either side of the 
stream in thick bods, having an easy dip to the west. These are overlaid by a more compact 
and hard brown bed which seems to mark the change upwards into Komthi beds, as it is suc- 
ceeded by thinner yellow strata, and then by the red purple and brown beds so characteris- 
tic of that series in this part of the country. 

It is very difficult to estimate the thickness of the Bardkars as developed in the area 
under notice, owing to the ikequent rollings of the strata ; but as far as could be made out 
on the three stream traverses of the Beddadanol side of the field, there must be at least 
SOO feet without reckoning the strata on the other side of the river which are not at all 
so clearly seen. 


* As as instance of the rarity of exposure of coal seams, the case of tUo SiuKareny (9oo Boc. O. 8. of I., rol. V., 
port 2) ooul held may be cited, the scam having ouiy booumu exposed by the merest ocuideut of the water in tho 
stream being so low. 
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, To Hie west of the field, the land rising to the low flat-topped hills of Perrumpoodee, 

is all made up of RamiAu, under which the Beddadanol Bardhars may extend for 
any distance, though they will— if such be the case — ^be at too great a depth to justify mere 
trial boring, unless some better evidence of coal can be obtained from the sandstones now 
exposed* Along the eastern edge of the field the strata are lying directly on quartzose 
gneiss, without any interpolation of Talchirs. Indeed, around the edge of the whole of 
the area in the two districts now referred to there is no occnrrence of these latter rocks ; 
the KamthUi except in Beddadanol neighbourhood, resting on gnme. 

On the whole, it is very much to be feared that there is here only a small patch of 
Bardkars which does not extend far under the Ramtkis ; so that, if coal were eventually 
struck, the qimntity would be so small as to be merely sufficient for local use. According to 
all the observations and conclusions of my colleagues who have worked at thcj coal rocks of 
India* it seems pretty clearly established, that the Damtcdae, so extensively developed in 
Bengal, became of less and less importance to the west and south-west, the Baneegunge beds 
eventually being entirely absent or represented by rochs containing no coal, until there was 
only a series of small outlying basins of the lowest group or Bardharg deposited on the lower 
part of the Gnd&varf valley which now remain as the coal-fields on the Pungady Vagu 
(Kam&rum) and at Singareny, and last the sandstones of Beddadanol* On the other hand, 
the Kamthis, considered to be in part at least representative of a higher series fPanehet) 
have thickened out greatly in this direction, and constitute the great area of sandstones to 
the north of Ellore and west of tlie Godavari ; which have in no case been found to contain 
coal. 

There may, of course, be other patches of Bardharg under this spread of Kamthig, 
but it would be working on mere chance, and at a most enormous cost, to attempt to pierce at 
random through this thick series on the expectation of striking on any hidden coal store. 
The succession of these Kamthig is so clear one bed under the other for the whole distance 
across the strike from south-west to north-east, at a varying dip of 6®, 10®, 20®, to the south- 
west, without once a sufficient undulation to bring the bottom beds nearer to the surface than 
they con be struck along the north-east edge of the field, that all borings would run to an 
enormous depth. The only locality where at one time there appeared the slightest chance 
of finding lower beds brought nearer to the surface was in the Ponakamaud Station range 
of hills, about 24 miles due north of Ellore, but it was soon found that the strata on the 
north-east slopes of the range were still underlaid by many hundreds of feet of beds of the 
sBine series. 

Heverthdess, the finding of coal in the Madras Presidency is of such vital importance 
that it seems advisable to have a series of borings made in the Beddadanol field. A very 
few trials, and these of no great depth, possibly not more than 300 feet at the most— and 
even this depth could to a great extent be avoided by patting short bore-holes down in a line 
across the strike*— would settle a question liable to 6rop up continually so long as it was 
believed that sandstones of the coal measures existed in the Gk>dAvaxi district which had not 
been explored in this way. Boring fools could probably be obtsined from the dep6ts on the 
adjoining God&vari works, and possibly competent parties to take charge of the trials. 

WHLIAll KWa. 
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Note on the LamiSta oe Infba-tbappean Fobmation op Chntbal India, hy H. B. 

Mbdlicott, m. a., p. a. s., Deputy Superintendent, Geological Survey of India. 

Bccent work enables us to record some fresh obsenrations regarding the formation 
denoted in the publications of the Geological Survey as the Lam6ta or the infra-trappean 
group of Central India. Although never more than from one to two hundred feet 
in thickness it has a wide range, occurring continuously for great distances along the 
eastern base of the Deccan trap ; from the Narbada valley round by Amarkantak to the 
Nagpiir and Chand& country , It is principally of interest for the evidence it may give as 
to tlie age of the great volcanic formation with which it is so closely connected. Its 
position in this question is apparently conflicting, and offers an interesting test of the 
independent application of palaeontological determinations. Examined from the east 
these deposits would certainly be (and have been) identified with the very similar inter- 
trappean beds occurring in the adjoining sections; and tliese have been considered to be Eocene. 
This opinion was first formed from the facies of the fresh water and terrestrial fossils, 
which are the only organic remains found in these intertrappeans in the upland country ; 
but it has received support from the examination of the few marine fossils found associated 
with the others in the distant outlier at !R4jamahindri near the mouth of the God&veri. 
This position is geographically related to that of the upper cretaceous deposits of Trichi- 
nopoli ; but Dr. Stoliczka has found that the marine fossils of the Bdjamahindri inter- 
trappeans are distinct from any occurring in those topmost cretaceous deposits. On the 
other hand, examined from the west, up the Narbada valley, the Lamdta beds would be 
(and have been) connected with the infra-trappean deposits of Bdgh and Barwai , and these 
are cretaceous (Middle Cretaceous according to Dr, Martin Duncan, Quar. Jour. Geol. Soc., 
London, Vol. XXI, p. 349). 

The last discussion of this question was by Mr. W. T. Blanford (in Vol. VI, Mem. 
Geol. Sur., pp. 166-160 and 207-218, and Rec. Geol. Sur., Vol. V, pp. 88-93), and a 
strong case was made for the correspondence of certain infra-trappean deposits through- 
out the Narbadd valley. Mr. Blanfqrd’s remarks upon the eastern area were not all based 
upon his own observations, but partly upon previous work of old date on the Narbada 
coal-basin (1. c., Vol II), in which it was conjectured that the Lamdta beds on the east 
might be the equivalent of the Mdhaddva sandstones of the Pachmari hills. He was thus 
led to assimilate the calcareous portion of the Bagh series and the sandstones conformably 
underlying them to the Lamdta limestone and to the Mdhdddvd sandstone respectively. 
Recent detailed work has shown that all the rocks known as Mahiddva in the Narbad4 
region belong to a great plant-bearing series, the youngest member of which is the 
Jabalpdr (jurassic) group; the Lam^ta deposits being totally unconformable to this group. 
This separation of the Lamdta and M6h&ddv& groups is so wide that were Mr. Blanford's 
conjectural identification of the sandstones confirmed, it would give very strong presumption 
of the separation of the two limestones ; but it was upon the correspondence of these that 
Mr. Blanford laid most stress ; and for them the case stands much as he left it ; the 
stratigraphical break between the cretaceous deposits of Bdgh and the trap overlying them 
being much less marked than the break between the trap and the nummulitics of Sdrat 
and Bharoch. Mr. Blanford was disposed to consider the volcanic formation to be 
more nearly cretaceous than tertiary. The comparison of the Rdj&mahindri fossils had 
not then been made, but Mr, Blanford, to some extent, anticipated the jresult by saying 
that “exact specific identity can scarcely be expected, the Rdjdmahindri band being, 
I think, estuarine, while all the TrichinopoU beds are purely marine.” The separation 
of the Lamdtas from the intertrappeans 1:^ not lately been contemplated by any one ; 
Mr. Blanford notices (1. c., p. 216,) how undistinguishable they are lithologicary ; and, 
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of co^itise, the confirmation of tlieir close affinity would be A link in the chain of evidence 
he beotf^ht to bear upon the age of the eruptive rooke. Thus the solution of this interest- 
ing seems closely connected with the determination of the correspondence of 

the BUgh be^ and those similar deposits on the same infra^trappeaa hoiizon. 

The Lamdtas, though «> mmdi more extensively developed than the intertrappeans, 
have yielded comphrativeljr few fossils. Vertebrate remains, some, very large, have been found 
in them at Jabal^dr, atid elsewhere some shells, establishing the fresh water origin of the 
group; and so far, its /haife oonnection with the intertrappeans. One would 

then naturally go on to apply the same expldhation to the formation of this fresh water 
basin as that given by Mr. Blanford for the intertrappeans, namely* the stoppage of local 
drainage by the outflow of trap. This would at once annex the Lamdtas to the trappean 
formation. The great ^ comparative continuity and extent of the Lamdta deposits 
presents some difiiculty to this supposition; the conditions would rather suggest some 
more general cause, such as tilting of the surface, by which the drainage* of a large area 
would be thrown back, and the direct evidence which might be looked for to connect them 
with the trap is wanting. There is not a single instance known throughout this extensive 
formation of a bed passing from it over and between trap flows, although it is very common to 
find trap close to thick Lameta deposits, and at a lower level. This circumstance involves 
considerations, some of which have an important bearing upon the relations of the two 
formations, implying, as it does, either (1) abrupt inequality in the Lamdta deposits ; 
or (2) considerable pre-itrappean denudation ; or (3) disturbance of the deposits, whether 
befoie or after the advent of the trap. The principal object of the present paper is to 
illustrate this feature of the case. 

The Lamdta group is well exposed in the immediate neighbourhood of Jabalpdr. 
The undulating ground to the east of the station is on the thick soft sandstones and 
pale shaly' clays of the Jabalpur group; the flat hills beyond being of the Lamdta 
beds, capped by trap. On the little ridge to the north«east of the station, the Lamdtas show 
their greatest development, being about 160 feet thick. The south-west summit of this 
ridge* locally called Chota Simla, is capped by about 20 feet of trap; and on the 
noi^-eaaf^ where the Trigonometrical Survey Observatory Station is erected, there is a 
crest three-quarters of a mile long formed of trap, to a thickness of about 50 feet. 
This ridge quite overlooks the trappean plateau to the south-east, from which it is partly 
sep^ted* on the west, by the valley of the Marjadlia stream, out through the Jabalpur 
sandstone, the base of the Lamdtas here being close under the steep rise of the ridge. 
This level is maintained by the junction along the little valley, at the head of which the trap 
uf the pUteau rests upon the Jahalpdr group, thus giving a strong case of apparent 
unconformity, the whole 160 feet of liamdtas disappearing within a distance of half 
a mile, at the level ol the bottom bed. South of the little valley the Lam^tas come in 
again at first only 6 to 10 feet thick, but increasing gradually to the south, the base 
of the group sloping down under the ailnviam in a length of about one mile and a half. 

Bega^ng the jnnotionof the Lomdta group with the Jahalpdr beds this section 
presumptlbn of unoenfonbity. It would be difficult to give clear evidence 
&om tUa lo^ity, on account of the massive irregular structure of the 
3 ^ evitot that such features as those described might be caused 
^ dkiturbanoe of cpnformable groups, followed by denudation 

belbte tM of the trap. There i% .however, ample evidence elsewhere of the dis- 
cordance of and Lamdta grou^ ; the latter passing indiscriminately across 

0)0 former, her^ at hm oi the observatory hill, an inlier of Jabalpur 
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But it u the upper junction that we are now concerned with. For this case the sup- 
position of slight disturbaikce and considerable denudation of the Lam^tas, both pre-trappean, 
is primA faeie suggested by the section described. It is desirably though difficult, to keep 
separate the argument for those two operations. If the supposition of disturbance be 
excluded, thereby leaving the present under-surface of the Lamdtas the same as at the time 
of deposition, it becomes almost necessary to suppose that they extended in greater force 
than we how find them over the ground to the south, and hence that they were removed 
before the overflow of the trap j for^ it is ffifficult to imagine how, in a small area, the 
thickest deposits could be accumulated on the highest ground, much of them being composed 
of fine sand and clay. It is not either a uniform thinning to' the south ; for in that direction 
they thicken again before passing under the alluvium. If we are to explain the great con- 
trast in thickness to the north and the south of the little valley by the presence, at the 
time of deposition, of a ridge of Jabalptir sandstone in the position of the present valley, 
the fact of pre-trappean denudation would be equally established, for the trap now rests 
on the sandstone, at the head of that valley, at the level of the bottom beds of the Lam4tas. 
If, on the other hand, we explain the fact of the deposits being at present thickest on 
the higher ground, by supposing a change of level subsequent to deposition, it would be 
possible to dispense with denudation, and we should be called upon to decide whether the 
disturbance occurred before or after the out-pouring of the trap. The very rough structure 
of stratification in volcanic rocks would make it very difficult, indeed, to find conclusive 
evidence for or against this position. It can only be said that the general distribution of 
the Lam4ta deposits suggests a slight relative change of level since their formation ; and 
that the only direct observation bearing upon this point seems to show that the trap did 
not participate in that movement : at the base of the low scarp east by south of the village 
of Fachp6ri there is a marked apparent dip of the Lam6ta limestone by which the trap 
does not seem to be aflected ; on the contrary, the level is maintained by a thickening of the 
sand overlying the limestone. This dip is spoken of as * apparent,’ because the original 
irregularities in the Lam^tas are so rapid that one cannot be certain that the feature here- 
was really induced by disturbance* 

The internal evidence of the Lamdta deposits throws some light upon these general 
considerations. No constant sequence or composition could be given for the group. A 
limestone is its only general characteristic; sometimes forming the whole of the band, 
sometimes quite subordinate in detrital deposits. All these conditions are illustrated at 
Jabalptir. At the point of Chota Simla hiU, and on the outlier to the west of it, the 
section is as follows : — ^at base is a thkik, false-bedded, fine, porous, fiiable sandstone, pale, 
generally of a green tinge, sometimes a deep glauconite green (but not from green grains), 
locally purplish and mottled. At top it is much mixed with fine laminated clay, which 
' again passes into earthy, dirty, pebbly, sandy limestone. It is in this bed and locality that 
vertebrate remains have been found. This limestone is here overlaid by fine crumbling 
sandy day, pale purple mottled by green. Sandy layers are frequent, also strings of 
nodular limestone. The top limestone is a development of this tendency : it is prominently 
sandy, and is overlaid by sand. The crest of the ridge between the two terminal cappings 
of trap is formed of this upper limestone. To east of Chota Simla the lower limestones 
thicken greatly, replacing the bottom sand ; and the whde iection varies indefinitely. Under 
the trap on the observatory hill the top sand is well devdaj^; a peculiar rusty, soft, fine- 
grained rock, quite devoid of earthy matrix; very like 4 eommon form of decomposing 
Jabalpd^sandstone, but quite unlike the usual sands of the l^dta group, ^is peculiarity 
makes it very useful in revealing the internsd arrangemfiSii^tf the group, as it ^ 

pretty generally distributed in this ndg^bouthood. south 

valley of the Marjadlia (see the flirted section) there k sf eoarpedterraoe flwmed Off ft iiiiji^e 
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fitrong bed, 10 to 16 feet thick, of Lamdta limeetone, resting directly on the sandstones 
and days of the Jabalpiirs ; and upon it rests the trap, forming a second scarp ; only at two 
or three spots one finds between these a remnant of a sand identical with the top bed on the 
observatory hill. In normally bedded rocks one would yrimB, facie conjecture from such a 
section that the limestone here was the upper band of the ridge, requiring, of course, for the 
non-appearance of the lower beds, the supposition of original overlap, with subsequent change 
of bed. On the ground, however, one cannot resist the conclusion that the limestones fac- 
ing each other on opposite sides of the Httle valley are the same band, they so exactly 
correspond in every character ; so that one is forced to account for the discrepancy otherwise, 
by the absence of all the middle beds of the ridge. The identification of the limestones on 
opposite sides of the valley, and their exact correspondence in level, sets aside the intro- 
duction of any abrupt change of bed at this point, so that the difficulty at first brought to 
notice of supposing the original dying out of such deposits as those of the middle beds of the 
ridge meets us now within the Lamdta group itself ; and the contrast of' thickness and of 
level is so great that one has to suppose a contemporaneous denudation to have assisted, the 
irregularity of deposition, so as to admit of the top and bottom beds of the group coming 
together within such a short distance; a general undulating disturbance having still further 
increased the apparent anomaly of the actual features. 

The considerations stated in the last paragraph, by bringing the chief discrepancy 
within the group itself, would seem to dispose of the main point at issue — the unconformity 
of the trap on the Lamdtas. But such is not the case, even for the particular section under 
notice. The top sandstone is in force on the observatory hill, and again so to the south 
of the Fachpdri flexure ; and it continues so beyond the Marjadlia valley to the south-west. 
On the Pachpdri terrace, however, between the two first of these localities, one finds the 
nearest remnants of it, an^ this only locally between the trap and the limestone. Its 
absence is most reasonably accounted for by denudation. 

There are some local sections near Jabalpfir independently involving the conclusion 
of a pre-trappean denudation of the Lamdtas. The ridge on which the European hospital 
stands is formed of Lamdta limestone. In the river, a quarter of a mile to the east, the 
limestone associated with mottled sands reaches from the water's edge to some 50 feet on 
the hill-side. In both positions there is a capping of trap ; but between the two, on the 
north face of the rising ground, the trap reaches to a lower level. Again, in the reverse 
valley, to the north-east of the Maijadlia water-shed, the trap reaches nearly to the stream 
on the south-east side, at a much lower level than the Lamdta limestone within a few yards 
of it on the north-eastern spur of the observatory ridge. 

,The views illustrated in the foregoing remarks upon the sections at Jabalpdr are briefly 
these : that the Lamdtas are clearly pre-trappean ; that there is g^od evidence for a slight 
pre-trappean disturbance of that group ; and, that there is conclusive evidence for pre-trap- 
pean denudation. 

The local denudation of the Lamdta group would not be of much significance as an 
indication of any partial separation of it from the trappean formation ; for, as Mr. Blanford 
has himself shown, the inter-^tMippeans have also suffered denudation before their inclusion 
1^ the Mr. Blanford indeed, did not propose any separation of the Lamdtas from 

"tbe^inteif-trappeans, but rather, through their connection, to establish the cretaceous, rather 
than ^ teHaa^ age of the trappean ibrmation ; the correspondence of the Lamdtas with 
the B%h hlstfs "being the point he most insisted on. And, certainly, the petrographical homo- 
logy of these j|ftmps is very striking. The considerations hero offered tend to confirm 
; thii identiflOatuhi. 
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The denudation of the Lanidtas eoems to have been much greater to the west than to 
the east. From Jabalpdr they can be traced oontmuously for great distances round the 
Mandla plateau. That so moderately thick a formation should be so unbroken proves, at 
least, that the basin in which it was deposited was not there laid dry for any considerable 
period before the advent of the trap ; if it does not indeed establish a closer connection 
with the volcanic outburst. It is veiy di£Eerent to the westward : in going along the 
Narbadd valley gaps become more and more frequent, and of greater length. In most of 
these cases it is demonstrable that the deposits are only denuded remnants^ the volcanic 
rock frequently appearing close by at a lower level. 

The most westerly occurrence of these patches of Lamdtas— that can, at least, be 
included with the main area of that formation, there being a break of 130 miles on the 
south side of the valley between it and the inf ra-trappeans of Pundsa and the Dhdr Forest-^ 
is deserving of special notice for the peculiarity of its position, and because large vertebrate 
remains, j^ough scarcely perfect enough for identification, have been found in it. It is not 
even quite certain that it is Lamdta, because the supporting rock is not visible ; but the 
lithological characters are so marked as to give much confidence in the identification. It 
forms a small inlier, weathered from beneath the trap in the bed of the Shdr river, under 
the village of Kareia. There is a deep pool in the river, on the up side of which massive 
trap forms a steep fall ; while on the down side of the pool, twenty yards across, these 
Lamdta beds rise abruptly, having a small ^p down stream* The trap appears in the 
bank above them, resting on a highly baked red sandstone, the top surface of a greenish 
earthy rock, which is confusedly associated with a more ordinarily pebbly sandstone and with 
a sandy pebbly limestone ; a total thickness of about 15 feet. Within about fifty yards 
the trap again occupies the bed of the river, and some eighty yards lower down the water 
cuts a narrow gorge through massive Jabalpdr sandstone, for about two miles. The cross- 
ing trap seems to be part of the same mass as that facing the strata on the opposite side of 
the pool : thus implying a steep face of denudation. If this patch of Lam^tas was ever 
continuous with the main area, it must have been through valleys now filled up by trap, 
for it b separated firom the present Narbada valley by a broad raised area of Jabalpdr 
sandstone. In this region the Lamdtas do not intervene between the trap and the Jabalpdrs, 
even at very small elevations. 

If it be assumed that these patches of Namdtas are indeed remnants of a once conti- 
nuous deposit, this feature of denudation in the western region becomes a very important 
one. At present I see no escape from that conclusion : these patches are all on the same 
approximate horizon, and there is in most cases no assignable reason for their original 
limitation as local basins. The suppositions onoe intervening marks of older rocks would 
equally prove the great denudation. I think, moreover, we are hardly at liberty to suppose 
these local basins to have been determined by intervening trap-flows, for the reason already 
stated, that no single case has been observed of Lamdta beds overlapping, however steeply, 
on trap. 

It is important to notice a precaution that must obviously be taken in applying this 
erucial test of the pre-trappean horizon of the Lamdta beds. The Deccan tn^ is found in 
difrerent regions of its very extended border resting upon metamorphics or other old forma- 
tions at every level, from the moderate elevation of the Narbad4 v^ley up to the highlands 
of the Wefvtem Ghl^ts^ Its local base must, therefore, be presumed to be of different horizon 
in the formation at these different localities. It must so hap]^ that on ihe horizon of 
the inter-trappean deposits, these should occasionally lap freely over the trap, on to the 
adjoining rocks $ and they would, moreover, in such positions . assume the sandy, pebbly 
character so common in the Lam^tas, and so rare in the strictiy inter-trappean basins. 
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There though locally infra-trappean, these beds would, of course, belong to the inter-trapp^n 
horizon. In hia sketch of the Geology of the Bombay Presidency (Records, Geological 
Survey, Vol, V, page 93), Mr. Blanford notices some cases of this kind, as observed by Mr. 
Foote in the Kaladgi and Belgaon districts. The fact that in these exceptional positions 
the deposite contain the usual fossils of the inter-trappean beds only brings into greater 
contrast the prevailing absence of such remains in the much more largely developed deposits 
of the Lam^ta group ; and also the occurrence of these overlaps in the comparatively 
restricted inter-trappean deposits gives some warrant to the demand for their production in 
the case of the widely extended Lamdtas before these can be accepted as cotcmporaneous 
with the trap. 

August 1S72. 


A BBIEF NOTICE OF SOME RECENTLY DISCOVERED PETROLEUM LOCALITIES IN PEGU, 

hy W. Theobald, Geological Survey of India, 

In the third number of the Records of the Geological Survey for 1870, a brief notice 
is given by me of the occurrence in Pegu of petroleum at the then newly discovered locality 
of Pudouk-ben near Thaiet-mio. Since that date two other localities have been the scene 
of a not unsuccessful search for petroleum, the main facts connected with which I will here 
review. 

The first locality visited by me is situated eleven and a half miles west of Prome 
Pagoda in a small stream falling into the Boogoo river, and three miles above the village 
of Toung-bo-ji, on the same small stream, which has no name applied to it on the published 
maps, but is locally known as the Mahu-choung.* This spot lies within the area of the 
unaltered nummulitic rocks, and is situated in a belt of undulating jungly ground, charac- 
terised by a general absence of water, and wherein, consequently, no villages exist, the scarcity 
of water appearing to depend on the impermeable character of the clays, which here mainly 
form the surface of the country. No good section of the beds is seen between Prome and 
the Mahu-choung, and the passage from the impermeable clays of the newer tertiaries to the 
similar beds of the nummulitic group is obscure and uniudicated on the jungle clad surface 
of the ground by any obvious physical sign. *The cause of this is the absence here of the 
nummulitic limestone, the highest member of the group, and, where present, an excellent 
horizon for the newer group ; but this rock has here died out, and in default of good sections, 
the boundary of the two groups is thereby rendered indistinct. 

The petroleum was first detected by some squatting families of Cutch-boilors, who settle 
in this arid tract as long as surface water is procurable in the small pools and watercourses 
in it, and these men remarked that in some spots where the water was very low and on the 
point of drying up, it possessed a flavor of petroleum. The presence of petroleum was, 
I am informed, noticed as a film on the water, where a dam had been thrown across the 
Mahu-choung near the village of Toung-bo-ji, below the spot where petroleum has since been 
obtained. 

An enterprising and inteUigent Chinaman possessed of a little capital determined to 
test the value of these surface indications, and sank some shafts along the course of the 
stream and on a line having an east by north bearing of less than one hundred yards in 
The most promising shaft. No. 2, w6s sunk in tlie bed of the stream, which was 
artifimaSjr deflected round it, and was carried to a depth of over 40 feet, through light- 


or stream. 
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bluish clays containing Foraminifera (Triloculina or some allied form), but few other fossils, 
and evidently an homogeneous d^Msit formed in still water. The clay has not been pierced 
by the shaft, and, though yielding petroleum, does not appear to be the source or mother bed of 
it. 1 judge then from the petroleum appearing to line cracks and interstices in the clay 
rather than to be disseminated through it, as may be seen by fracturing the larger pieces, 
which, though superficially imbued to a small extent, do not seem to be equally permeated 
by it throughout, that it seems probable that the true naphthagenous beds of the group have 
yet to be reached. Into this shaft petroleum trickled at something like two gallons a day, 
till it became filled with water and was abandoned during the monsoon. 

It may at first sight seem a curious thing that no more petroleum escaped into the 
shaft after it had become full of water ; but I think a sufficient explanation of this lies in 
tlie mode of stowage of the petroleum in the rock. The oil occupying minute fissures or 
partings in the clay escaped by mere gravitation into the shaft as long as it was kept clear ; 
but became at once arrested in its course, and, so to say, ponded back when met and opposed 
by the pressure of a column of water of 40 feet. 

1 have since heard that the shaft has been re-opened and deepened, and that thereon the 
petroleum recommenced to flow, but the ultimate results of the experiment I am unable at 
present to ascertain. 

The second locality near the village of Bau-byin (Fau-fyeng in map) is situated some 
_ . . twelve and a half miles west-north-west from the circuit house at 

Bau-bjui. 

Thaiet-mio, and about a mile above the village, which is on the 
banks of the stream, which falls into the Irawadi a little above Thaiet-mio. It is moreover 
distant about four miles north-east of the Fudouk-ben locality, previously noticed in the 
Becords for 1870. 

In the neighbourhood are several spots where indications of petroleum occur, all in 
beds of the newer tertiaries and on pretty much the same horizon therein. Bluish shales 
are the predominant beds here, interspersed with sandstones; and fossils are not rare 
throughout of the ordinary aspect of the fossils of this group, sundry species of Area, 
Pecten, Isocardia, Ostrea, Solen, Cyprma, Conm, Turritella, with crustacean remains 
and shark's teeth, having been procured by me in the vicinity. 

In the stream about a mile above the village, the blue shales are exposed in a steep 
bluff undercut by the river, and a brown colored patch near the leveji of the stream indicates 
the extent to which the infiltration of the shales by petroleum has here reached. A little 
below this point a feeble escape of petroleum takes place into the stream from an orifice 
at about its ordinary dry season level. Close to this point a bed of sandstone with a dip 
of 70° south comes in, demonstrating a somewhat abrupt downthrow of the shales, which 
higher up stream are gently undulating, and the presence of this bed has not improbably 
determined the escape of the petroleum at this point, by opposing an obstacle to its upward 
progioss, or permeation. 

A shaft was sunk on the precipitous bank of the nulla, and a little petroleum 
obtained from it, but the site was bad, as it is scarcely possible to prevent the stream from 
cutting away the bank and destroying the work. About half way between the banks of the 
stream on the curve, I recommended a trial shaft should be snnk,^ the selection being made 
with reference to the position of the presumed extension of the bed of sandstone noticed above, 
which it seemed to me undesirable to try, but beneath which a certaiif supply of oil may be 
with some confidence looked for. Its escape intp the stream, and its diffusion among the 
shales a little higher up the stream, with other indications at no great distance, render a 
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. search for the oil here rather less a matter of speculation than is usually the case. One thing 
is remaxkable, and that is, on the supposition as advoeated by me, that the naphthagenous 
beds are members of the nummulitic group. A great thickness of beds, not perhaps less 
than 2,000 feet, must be interposed between the source of the oil and its point here of natural 
discharge. These beds are more or less porous, and may hereafter possibly prove sufficiently 
rich in petroleum for profitable working, or possibly for purposes of distillation, but nothing 
but an experimental shaft will satisfactorily settle their economic value. 

The petroleum from the above localities is very similar and more fluid than the com- 
mercial or Yenan-choung oil, a difierence depending, probably, more on the length of time 
either has been exposed to the air than on any difierence in chemical constitution, but no 
exact analysis has yet been made. 


COBBECTION BEGABDINO THE SUPPOSED EOZOOEAL LIMESTONE OF YeLLAN BILE. 

See Rec, G. S. of India, VoL V, part 2. 

Specimens of this limestone were sent home to Professor William King, Sc. D., of 
Queen's University of Ireland, for examination, which has resulted in the opinion that there 
is no eozoonal structure evident. Dr. King states that the rock consists of layers of two 
or more sOicioua minerals, and others containing calcareous matter; the former being in 
general the thickest and most abundant. The silicious layers are of a pale dirty green color. 
Examined with a good magnifying power, they are seen to be made up of rough grains of 
grey quartz and flattened particles of a greenish amorphous substance which appears to be 
chemically related to some amphibolic mineral ; both kinds are generally compacted together 
by themselves, but occasionally calcareous matter is intermixed with them. Here and there 
the layers are reddened with an iron oxide. The calcareous layers, of a dark bluish green color, 
are charged wi^ the prementioned grains and particles, principally the latter, and often to 
such an extent as to become essentially silicious. ** In all cases the calcareous constituent is 
in the amorphous condition, neither saccharoidal nor crystalline, resembling that of ordinary 
blue-grey limestone. 

Examined after decalcification, the microscope shows the silicious layers intact except 
where they contain calcareous matters ; in this case the component grains and particles, instead 
of being closely adherent, are separated by interstitial vacancies. The calcareous layers which 
are etched out to a slight depth exhibit a large number of the green flattened particles, and 
usually a smaller number of the quartz grains standing out in relief in the undissolved por- 
tion, and generally lying lengthways and parallel to the silicious layers. The components 
of the latter layers also affect a parallel arrangement. 

“ The rock, strictly speaking, cannot be called metamorphic. It resembles in texture 
some of the imperfectly developed gneissodes common in Connemara. The thickly laminated 
portions have all the appearance of being depositioual in their origin. But often there are 
thin laminse folding round nuclei, seemingly concretionary, which appear to be the result of 
supervened agencies. It was a specimen of the rock in the latter state that was decalcified. 

The interlamination of the silicious and calcareous mineral substances, as observed 
by the unassisted eye, and its ^semblance to a similar peculiarity present in certain speci- 
mens of ftom the Grand Calumet, Canada, and which idone first gave rise to the 

supposition thnt it represented a fossil, have evidently suggested the same idea in connection 
with the YeUanhftetodl; but diligent observation with the microscope does not bring out 
the least trace of anything approaching to the so-called * canal system,’ or ' nummuline 
layer,* dia^osed for Eozoon.” 
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Mallet, J., Ebq. — Professor of Applied Chemistry, Unirersity of Virginia. — A fine specimen 
of Meteoric Iron, from the mass found in Augusta Co. Virginia. 

Theobald, Wh., Esq. — ^A collection of seTenteen ancient stone implements from British 
Burmah. 

Haceet; C. a. — k. small agate implement from the Chambol valley, Eerowlie. 

Peal, S. E. O., Assam.— A supposed ancient stone implement, found in the clay near 
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Stewabt, a. G., C. S., Bajahmundry.-*A series of fossils from Eateru near Bajahmundxy. 
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Albbbti, F. Voh.— Beitrag zu einer Monographie des Bunten Sandsteins Muschelkalks und 
Eeupers, (1834), 8vo., Stpttgart. 

Arbeiten der Geologischen Section fur Landesdurchforschung von Bohmen, (1869), 8vo., Prag. 

Bianconi, J. J. — ^Repertorio Italiano per la Storia Naturale. Repertorium Italicum, Vol. I, 
(1863), II, (1854), (1853-64), 8vo., Bononice. 

Billinos, E. — Geological Survey of Canada. Catalogue of the Silurian Fossils of the 
Island of Anticosti, (1866), 8vo., Montreal. 

Geolooical Subvet of Canada. 
„ Geological Survey of Canada. Palmozoio Fossils, Vol. I, (1861-66), 8vo., 
Montreal. 


Ditto. 


Boll, Ebnst. — ^Beitrag zur kenntniss der silurischen Cephalopoden, (1867), 8vo., Schwerin. 
Bbauk, Db. C. F. W. — Beitraege zur Urgeschichte der Pflanzen. — Ueber Eirchneria, (1854), 
4to., Bayreuth. 

Capellini, J., et Heeb, O. — Les Phyllites Crdtacdes du Nebraska, (1867), 8vo. 

Dawson, J. W. — Geological Survey of Canada. The Fossil Plants of the Devonian and 
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Geolooical Subvet op Canada. 


Exploration Gdologique du Canada. Rapport de Progrds pour 1844 et 1863-66, 8vo., 
Toronto. 


Geological Subvet op Canada. 
Fleming, Db., et Eonince, L. de. — Mdmoire sur les Fossiles Paldozoiques recueillis dans 
r Inde, (1863), 8vo., Lidge. 


Geological Survey of Canada. Figures and descriptions of Canadian organic remains. 

Decade I. Salteb, J. W.— Fossils from the base of the Trenton Group, (1869). 
„ II. Hall, Pbof. James.— Graptolitidero from the Lower Silurian, (1866). 
„ III. Billings, E.— Cystidese and Asteriadss. 

» „ and Salteb, J. W.— Genus Cyclocystoides. 

Jones, T. B.— Palssozoic Bivalve Entmnoetraca^ (1868). 
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Geological Survey of Canada. Report of Progress from its commencement to 1863. With 
Atlas, (1868), 8vo., Montreal. 

Geological Suevbt of Canada. 

„ „ „ Summary Report of Progress in Geological Investigations, 
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„ „ „ Summary Report of Progress in Geological Investigations, 
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Report of Progress for 1848-49. 
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„ „ 1866-69, 8vo., Montreal. 

Ditto. 


Gomes, B. A. — CommissSo Geologica df Portugal Vegetaes Fosseis. Flora Fossil do Terreno 
Carbonifero, (1866), 4to., Lisbon. 

Hosins, PsoF. Dfi. — Beitrage zur Geognosie Westphalens. Die in der Westfalischen Kreide- 
formation vorkommenden Pilanzenreste, (1869), 8vo., Munchen. 

Hunt, Db. T. Stebby, Canada. — ^A Geographical, Agricultural, and Minorsdogical Sketch, 
(1866,) 8vo., Quebec. 

Geological Subvby of Canada. 

„ „ „ Lausentian Limestones of North America, (1871), 8vo., Albany. 

Ditto. 

„ „ „ Geological Survey of Canada. Report on the Goderich Salt 

Region, (1870), 8vo., Montreal. 

, Ditto. 

„ „ „ Geological Survey of Canada. Report on the Gold Region of Nova 

Scotia, (1868), 8vo., Ottawa. 

Ditto. 


Logan, W. E. — Remarks on the Mining Region of Lake Superior, and Report on Mining 
Locations claimed on the Canadian Shores of the Lake, (1847), 
8vo., Montreal. 

Geological Subvey of Canada. 

Luynes, le Doc de. — ^Voyage d’Exploration a la Mer Morte a Petra et sur la Rive gauche 
du Jourdcun, liv. 2-8, (1872), 4to., Paris. 

Mubbat, Albxandeb.— Report on the Geology of Newfoundland for 1866. With a Pre- 
fatory Report and an Appendix by Sir W. E. Logan, (1866), 
8vK, Montreal 

- Geological Subvey OF Canada. 

Notes on tiie 6bld of Eastern Canada, (1864), 8vo., Montreal. 

Ditto. 


Pallas, P. S;-HSpioilegia Zoologies^ Band I, (1767)---XIV, (1780), — (1767-80), 4to., 
BeroUni. 
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Annali di Storia Naturale, Fasc. I, (1829)*-XII, (1830), 8vo., Bologna. 

Annals and Magazine of Natural History, 4th Ser., Vol. IX, Nos. 64-56, (1872), 8vo., London. 

Costa, Achille. — ^Fauna del Regno di Napoli, Fasc. 116, Neuroptera, (1860-70), 4to., 
Napoli* ^ 

Geological Magazine, Vol. IX, Nos. 1-8, (1872), 8vo., London. 

Haklet, Sylyanus, and Theobald, Wm. — Conchologia Indica, pt. 4, (1872), 4to., London. 
.Indian Annals of Medical Science, No. XXIX, (1872), 8vo., Calcutta* 

The Editor. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. Ill, Nos. 11, 12, 
and Vol. IV, No. 1, (1872), 4to., Bombay. 

Goyebnuent of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 
Vol. XLIII, Nos. 288-291, (1872), 8vo., London. 

Mabtini und Chemnitz.— Systematisches ConchyUen Cabinet, Lief. 208, (1872), 4to., 
Numberg. 

Neues Jahrbuch fur Mineralogie, Geologie, und Palseontologie, Jahrgang, 1872, Heft 1-4, 
(1872), 8vo., Stuttgart. 

NuoYi annali delle Scienze Naturali— - 

let Ser., Vol. I, (1838)— X, (1843). 

2nd „ „ I, (1844)— X, (1848)* 

3rd „ „ I, (1850)— X, (1854), 8vo., Bologna. 

Petebmann, Db. a. — G eographische Mittheilungen, Band XVIII, Nos. 5-7, (1872), 4to., 
Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. I, Nos. 1-5, (1872), 8yo., 
^Roorkee* 

Pbzncipal, Thomason Collboe, Roobbee. 
Quarterly Journal of Science, No. XXXV, (1872), 8vo., London. 

Report on the Progress and Condition of the RoyiJ Gardens at Eew during the year 1871, 
(1872), 8yo., London. 

The Supebintendbnt, Eew Gabdens. 

Victobia. Coal-fields, Western Port. Report of the Board, (1872), fisc., Melbourne* 

Depabtmbnt of Mines, Victoria. 

„ Report of the Mining Surv^ors and Registrars for quarter ending Slst March 
1872, (1872), fisc., Melbourne. 
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1870-71. With Appendix, (1872), flsc., Calcutta. 

Govebnmsnt 07 Bengal. 


Bbitish Bubma. — ^British Burma, General Department, (Miscellaneous). Administration 
Report for 1870-71, (1872), 8vo., Rangoon. 

Chief Commissioneb of Bbitish Bubma. 


India. — ^Annals of Indian Administration in the year 1870-71, Vol. XVI, pt. 1, (1872), 8v6., 
Serampore. 


Govebnment of India. 


List of Civil Officers holding Gazetted Appointments under the Government of 
India in the Home, Agricultural, Foreign, Financial, and Legisla- 
tive Departments, as it stood on the 1st January 1872, (1872), 
8vo., Cidcutta. 
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Punjab.— 'Powell, B. H. Baden. Handbook of the Manufactures and Arts of the Punjab, 
Vol. II, (1872), 8vo., Lahore. 
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TRANSACTIONS, &c. 


Beblin.— Monatsbericht der k. Preuss. Akademie der Wissensotiaften zu Berlin, March 
and April (1872), 8vo., Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXIII, hefb ^ (1871), 
8vo., Berlin. 

The Society. 


Calcutta. — Journal of the Agricultural and Horticultural Society of India, New Series, 
Vol. Ill, pt. 2, (1872), 8vo., Calcutta. 

The Society. 

„ Memoirs of the Geological Survey of India, Vol. VIII, pts. 1 — 2, and Vol. IX, 
pt. 1, (1872), 8vo., Calcutta. 

The Subvey. 

„ Records of the Geological Survey of India, Vol. V, pt. 3, (1872), 8vo., Calcutta. 
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„ Proceedings of the Asiatic Society of Bengal, Nos. VII, VIII, (1872), 8vo., 
Calcutta. 
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Thomsen, Julias. Thermochemiske TJndersoegelser, (1871), 4to., Copenhagen. 
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Flobenobl— *-Bpilettino del R. Comitato Gtoolo^co d’ Italia, Nos. 8 — 6, (1872), 8vo., Florence. 

The Commission. 
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Florence. 

The Commission. 
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Glasgow.— Proceedings of the Philosophical Society of Glasgow, Yol. YIU, No. I, (1872), 
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Augusts-Universitat aus dem Jahre, 1871, (1871), 8vo., Gottingen. 
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Lausanne. — Bulletin de la Soci4t5 Yaudoise des Sciences Naturelles, Yol. X, Nos. 61, 63, 
64 and 65, Yol. XI, Nos. 66 and 67, 8vo., Lausanne. 
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London. — British Museum. Ghray, J. E. Catalogue of Buminant Mammalia (Pecora, 
Linnseus), in the British Museum, (1872), 8vo., London. 
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„ Journal of the Boyal Asiatic Society of Great Britain and Ireland, New Series, 
Yol. Y, pt. 2, (1871), 8vo., London. 

The Society. 
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„ Quarterly Journal of the Geological Society, Yol. XXVIII, pt. 2, No. 110, (1872), 
8vo., London. 
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Philadelphia. — Journal of the Franklin Institute, 3rd Ser., Yol. LXIII, Nos. 2 — 5, (1872), 
8vo., Philadelphia. 

The Institute. 

Transactions of the American Philosophical Society, New Series, Yol. XIY, 
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Note on some of the Iron deposits of OH^NDi, CENTBix Pbovxnces, Theodore 
W. H. Hughes, A. r. s. u., f. g. b., Geological Survey of India. 

My present contribution to the Eeoords of the (^logical Survey refers to a few only 
of the deposits of iron-ore found in the 0h4nd& district, and gives some details relative to 
the amount of ore and fuel ordinarily used in native furnaces, showing what igpults are 
obtained without the use of foreign riag-£>rming ingredients. 

I am indebted to Major Glasfurd, the Deputy Commissioner, for my quantitative figures ; 
and although it is always more satisfkctoiy to have an accumulation of data, I think the 
six experimental trials which are recoi^ded yield a fair indibation of the work accomplished 
by the method of smelting adopted in this country. 

Iron-ore exists in great quantity ; and as it occurs principany in the metamorphio rocks^ 
it is found in those portions of the Chdndi district which are to the north and east of the 
main 'Wardbd valley coal-field. Anhydrous hsematite is the most abundant species, and it 
furnishes all the supplies for the native furnaces. It is usually compact, and is tniTud up 
occMionally with some magnetic cndde and a Httle brown iron-ore. 

The latter variety of haBmaiite occurs dEten as a coating to an interior mass of anhy<* 
drous haematite. It presents in many instances an exceedingly beautiful appearance, having 
a dear smooth surface on the outside, and being finely fibrous on the transverse face. There 
is no difficulty in distinguishing it, for it gives a well defined brown streak on being 
scratched ; and any person interested in possessing an illustrative mineralogical sample of 
iron-ore, showing the passage of one variety into the other, may obtain in the Ch&ndd 
district many such specimens as that which I have described. 

^ The most noted localities fi)r abnndaiioe and ezeellme of ore are Ddwalgaon, Gfinjwdhf, 
and Lohdrd ; but there are several others which run them close for a place in the first rank. 
The wealth of Ohfindd in iron-ore is undeniable. In the form either of magnetic oxide, 
hsematites, carbonate, or as laterite, one is c<mstantly meeting with it. 

The deposit most worlAy of notioa whioh 1 have hitherto seen is undoubtedly that at 
Lohdrfi. It deserves, and will some day obtaix^ a more than local repntatioB. The ore 
consisting of compad ciystalUne bssmatite or" specular iron-ore with some magnetic oxide, 
forms a htU fully tiiree^eighths of a mSe in Imigth, two hundred yards in breadth, and 
a hundred to a hundred and twenty ieet in height. The main lode strikbg north-east by 
north can be traced clearly for some distance b^ond the diStindiTe hiU poition which first 
catches the eye, and its actual length if followed out (but which 1 am sorry to say I had 
not time to do on the occasion of my visit) would prohidily exceed several miles. 
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by such a mass as that at Loli4r&^ exclosiTelj made ap cf almMt 
pipe it does not fall to the lot of many meh to see suxpassed ; and those who 

<)|portiioity of Tisitiiig tins place ought to do sOf and oany away with them the 
, of having looked upon one of the marvels of the Indinn mineral world. 

Illie 'ore at LohdrA has been analysed by Mr. David Forbes, and I extract from the 
Colliery Gucurdian* the following statement of its compontion 


Iron, metallie 


.. 69*208 

Oxygen, in combination 


29*376 

Manganese, sesquioxide 

• flS 

•090 

Silica 


‘823 

Altunina ... 

—9 

*432 

Lime 


•064 

Magnesia ... 


... Trace* 

Sulphur 

aia 

•012 

Phosphorus 

see 

•006 

100*000 


It will be seen that it is extremely rich in iron, and exceptionally free &om sulphur 
and phosphorus, which are usually two of the most annoying ingredients that the iron-master 
has to contend with. The amount of silica is less than would be presumed' to exist, judging 
by the external appearance, compactness, and hardness of the ore. 


It is not, however, to the loh&ra deposit that I wish to draw attention so much, as to 
some others, which— since the question of establishing large iron-works in India has been 
again raised— have lately, acquired increased importance, due to their propinquity to a small 
area of yoHiblg coal-bearing-rocks, about six miles west of Chirndr, which I discovered and 
mapped during the past season. 

These deposits are three in number, and occur near the villages of Bissi, Hpalgaon, 
andBatnipdr. 

(1). Bissf,— Long. 79®26r East, and Lat. 20°39* North. The ore occurs in a lode 
about a mile directly east of the village, and contains hssmatite 
and magnetic oxide of iron. 


(2). PiVALQAiO^.*— Long. 79®84* East, liat. 20*’32' north. An excessively fine mass 
of red hsematit^ resembling that which occurs at Lohfirfi, and 
having probably the same composition, is to be seen about three 
quarters of a mile east of Pipa^aon. The strike of the lode is 
west-norilirwest, east-south-east. 


(S). BATlTAndn.«"^ng. 79^87* East, and Lat. 20®28' North. A very rich lode of 
brown iron ore, forms a terrace on the north side of the smdl 
range hills ibeing AUsfir. The width of the lode in places 
/ ' is dO and fiO feet. 



\iCo4 i^ocks which to as giving increased importance to the deposits 

eooupy a Bomewhitt restricted area. I have not able to prove the actual 
9? *®, outcrop.; but Darnddi and K&mthi strata ocour; 
Wings, W exceeding 300 feet at the utmost, sunk between Morepdh 
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and Bandar* ought to determine the queeiaon. I do not entertain the idea that there 
is any preset chance of jHTo&tahle hlaat-fiima^ being erected in the Ch&nd4 district. 
Wo have a bng pupilage to go through before we can work successfully with such coal as 
has hitherto been found in the Wardhi TsUey field. It may, therefore, perhaps be urged 
that if this be the case, there is no immediate necessity for proving the ground which 
I have pointed out. But I am writing with the full knowledge that there is a boring 
establishment at Warora, and that possibly if the present opportunity of profiting by 
it be neglected, many years may elapse before mechanical means are again available for 
purposes of exploration. Should the borings which I recommend be carried out^ we shall 
gain positive knowledge in reference to the rocks, and if there be no coal, we shall not be 
indul^ng in vain speculations regarding the utilization of the iron ore deposits to which 
I have drawn attention. 

The native fhmaoes of Ch&ndd are somewhat taller and larger than those commonly in 
use in Bengal. Several that I measured were nearly 6 feet in height, owing to a prolongation 
upwards of the front face of the furnace, the use of which is to back up the ore around the 
feed-hole. The height of the actual working shaft varies fi?om 4! to 5 feet. 

The section of the furnace is that of a cone, its internal diameter diminishing from 

at a height of six inches above the hearth to three quarters of a foot at a height of 
36 inches above it. 

The hearth, as is usual, slopes from behind forwards, and the bloom is taken out through 
the face. 

The twyers are 9 inches long, li inches in diameter at the larger opening, and fths of an 
inch at the smaller. The bellows for producing the blast are usually worked by hand. 

1 need not refer to the method of smelting, further than to say that it is similar to the 
mode in use in other parts of India, and I will now give the results and details of the six 
experiments which Major Glasfiird undertook to have made. 

Three experiments were conducted in the Mdhl TahsH, at Chikli, Gdlfib-bhiij aud 
Metdgaon ; and three in the Brahm&ptiri Tahsil, at Armori, Ddwalgaon and Injhdw4r4 : — 


yiLLA.eH. 

Iron ore 
used. 

CbArooal 

need. 

Iron 

yielded. 

Cost of iron 
ore and ohar- 
eoal used. 

Value of Iron. 

Wages of 3 


Beere. 

Beers. 

Beers. 

Be. A. P. 

Bi.A.P. 

BS.A.P. 

jroM.- 







Ohticll .1. ... ... ... 



MetSgaon 

49 

66 

7Z 

m 

H 

0 9 0 

0 9 0 

0 9 0 

10 0 
OIS 0 
ISO 

0 4 0 

0 4 0 

0 4 0 






1 


Aroiori ••• .•• ... ... 

Dewalgaou 



8n 

63 

44 

as 

m 

as 

IS 

13 

M* 

0 4 6 

0 4 6 

0 6 10 

0 0 7 

0 8 10 

0 10 0 

■^0 8 2 

0 8 2 

0 8 2 


In ihese retfims there is a great dUerepanqy in the price paid for charcoal and ore in the 
Mhfil and Brahmipfiii Tahsils. Compiu'e, for instance, (49+82 seers for 9 atinas) 

. - . . - -i - ■ . , s. . ^ . . - j - ■ — .w 

^ tforepsht IiOiiff. ai' Esstj LstrStrsd' « BuOui 
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and Pdwalgaoil <524 114 seen for 4a. 6/»). Hie yield of iron aleo sliows great disagree- 
meni At Bdwalgaon 62 seers of ore produced only 12 seers of iron, wbereaS at CMkli 42 
seers piodnoed 174. ^ ^ poorer class of ore was used in the one instance 

than in tibe other, hut I soaroely think this can he the case, for 1 have always ohserved that 
the nalSves invariably used ore having the same average composition. And an analysis of 
the Ddwsdgaon ore shows that'it contains 70 per cent, of metallic iron. 

If we calculate the proportion of the amount of charcoal used to iron ore, and the 
proportion of the amount of ore employ^ to the iron produced, we find : 


VUUge. 

Proportion of ore to ehareoal. 

Proportion of ore to iron. 


Ora 


Cherooal. 

On. 


Iron. 








Chikli 

1 

to 

rr 

S 

to 

1 

GAlSb-bh^ ... 

1 


1*4 

6 

H 

1 

Het^gaon 

1 

M 

1*21 

S'S 

91 

1 








Armoil 

1 

H 

1*8 

8 

99 

1 

llSwalgaon 

1 

M 

2-2 

4» 

99 

1 

I]0|JhSw&r4 

1 

M 

20 

S*5 

9* 

1 


The iron referred to above, which is called kit by the Maharattas, is a mere mass of 
spongy iron, slag and charcoal, and has to undergo two refinings before being sold as 
malleable iron. In th^e first operation it is manipulated by the men who reduce it from its 
ore. Hiey heat it in a refinery, and then hammer it, whereby the slag is more or less 
completely extruded and the iron consolidated into a compact hloonu It loses considerably 
in weight during this process, and the mass formerly weighing, say 14 seers, is diminished to 
10 seers. The amount of charcoal consumed is stated to be 20 seers, or perhaps a little less. 
The bloom is then out partially in half and is called CMl, and is sold to the regular* metal- 
workers (lohars). These men clean it again, by which its weight becomes still further 
reduced, Mly one-third and sometimes one*hidf of it being lost ; and it is by them worked 
up into various household and agricultural implements. 

Applying the foregoing observations (by taking the mean of the Mdhl figures) to 
arrive at the average proportions of iron-ore and charcoal used in producing iron ready for 
being mstually worked up, it appears that-*- 

(a.) Seventeen and a half seers of iron are produced from 63 seers of ore and 
87 seers of charcoal. 

(5.) In the first refining operation, 20 seers of charcoal are used, and the iron loses 
6 seers in weight, fencing it to 124 ooers. 

(c.) In the final refimng operation about 10 s^rs of eharcoal are consumed, and 
, , . clean vroxkahle iro^ 'o^hing 7 to 8 seers, is obtained. 

Tl^tiSj 63 seers of ore and of charcoal are required by the native method of 
^aa^ed on in Ch&3^ to produce 8 seers of metal. Or, stating it in current 

' ^ I Are used in the mann&etore of ITon 

' ^ ; V of -wrougkWroiu 
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Thera is no ocoasion m tlra present ntstnber of the Beoords to traat the subject of cost 
in its various branobes, nor need X enter upon a discussion d the oommereial aspect of the 
iron trade of Ch&ud&. I hope to dwell ait some length upon both these topics when giving 
a detailed description of the Wardhd valley coal-field. 

For the present, I wish to draw attention to 1st, the richness of Ch6nd& in iron-ore ; 
2nd, the circumstance of the prohahle favorable associarion of coal and iron-ore ; Zrd, the 
proportional consumption of raw materials in the manufacture of native wrought-iron. Of 
course, should furnaoes intended either for the making of |ag-iron, or for the producrion of 
wrought-iron hj the direct process, he ever erected on a European scales the data afforded by 
observations on the liliputian works of the natives of the country will be matter for curiosity 
rather than of practical interest. 

CAictTTTA, ) ♦ T. W. H. HUGHES. 

1st July 1878. J 


Baebbk IsLAirD AND Nabeondau, hy y. Ball, M. A., Oeoloyicdl Survey qf India, 

In the month of Matrix last, a few hours were spent on the two Islands whose names 
are given above by a party consisting of Hr. Hume, Dr. Stoliczka and myself. Although 
the time at our disposal did not admit of extended exploration, still an opportunity was 
afforded of checking the accuracy of the accounts which have been previously published. 

Having consulted every notice of these islands which, so far as I have been able to 
ascertain, have hitherto been pubKshed, I have been astonished to find how inaccurate has 
been the information upon which the accounts in Geological Mannals and other works have 
been founded. 

In the present paper I have devoted several pages to an abstract of these accounts, and 
have pointed out the errors and traced, so far as is possible, their origin. 

Dr. Liebig's paper on Barren Island which contains the fullest and most accurate account 
of the island hitherto published, does not appear to have reached the hands of several 
authors who have since its publication repeated the old statements in their works. 

Barren Island and Narkondam are two volcanic islands situated in the Bay of Bengal 
at a distance of 70 miles from one another on a north-by-east, south-by-west line. They 
constitute links which connect what is known as the Molucca band 'with the volcanic region 
of Arracan and Chittagong, and of which Mrs. Somerville bas written as follows 

<< One of the most terribly active groups of vrioanoes in the world begins with the 
Banda groups of islands, and extends through the Sunda groups of Trimbri Sumhawa, Bali, 
Java, and Sumatra, separated only by narrow channels ; and altogeriier forming a gently 
curved line 2,000 miles long; but as the volcanic zone through Barran Island 
and Narkondam in the Bay of Bengd and xmdhwaid along the the entire 

length of the volcanic msge is a great deal more." 

Dr. Hochstetter carries the line of elevations which accompanies the zoiraof volcanic 
action still forther, in an oblique S. |bri)a« thron^^ to the north of the 

Anstrahaa continent, “It forms in Irrinpd^ the SMehmn Islaada^ Hew Hebrides and 
New Zealand a cmrye^ ccmcave towards the wes^ the smiijSi ,|^np of the Macquarie Iriands 
being poasiUy considered as the esf^me southern end of thlit^j^ve.'' 

So &r as is known, thei^ afo no VolCaric^ in eithe^ the Kieobar or Andaman Islands. 
It has been by some supposed that the Mil on W the Nfoobars and some of the 
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hiiA mouad ib the great Sioobar might be volcanic, but a»e evidence ia rather againet than 
in&v« of thia vteTV. Hutonio rocka (diorite and gabbro) not unfreqwntly o^ how- 
ever ia totb A statement amde in an old account of the Cocob, that the Uttle Coco 

UJorme<0L of volcanic rocks, is quite without foundation. 


BailBSN IslUtd, Lat. 12^ 17^ Long. 93® 64 , 

Mutors the Ula^ derived from prevum* notices .— the table appended I have 
siven a prMs of aU thathaa been publiahed on the subjeot of Barren Island ; but a few 
Eon J remarks tracing out the way in which certam maccurames have ansen aeem to 

be desirable. 

The first account was by Captain Blair, in hia report on the Andaman Islands, dated 1789. 

I have not seen the original document, but the account was ^acted and reprinted by 
lieutenant Colebrooke in the Asiatic Eesearohes. It has served for many years as the text 
upon which the descriptions published in variou. Geological Manuals have been founded. 

Captain Blair gave the height of the central cone at nearly 1.8W f^t and the angle rf 
the Slone at 32" 17'. Were it not stated that the cone was equal in height to the outer walls 
of -the wirroundiug part of the island, we might, in consequ^M of Blairs oft proved 
accuriwy as an observer, be disposed to believe that at the time of his ob^rvation the cone 
was newly double its present height. That there has not b^ a general subsidenw of the 
to the extent of 800 feet is proved by the fact that the base of the cone was then, as it 
ft now, but little raised above the sea leyel. Blair himself states that it may be seen at a dis- 
tance of twelve leagues in clear weather, which would orfy requi« an e eyation of about 
920 feet J can only suppose, as an explanation of the difBculty, that Blair took seveml 
heights which varied between 800 and 1,000 feet, and that these, by some error, came to be 
written together w 1,800. 

The angle of inclination of the sides of the cone is given by Blair at 32" W. This 
nearly corresponds with the mean of my observations, which ranged between 32® and 
86". These angles also agree with those on a ^photograph which I possess. Dr. Liebig, 
Dr. Playfair and others have given it at from 40" to 46". 

The sketch by Lieutenant Wales ^ven in Lieutenant Oolebrooke’s paper, save that it 
represente an inclinatioh of about 60' to the sides of the cone, conveys the best i^ of the 
idand of any of the numerous figures which have been published. M ww r^r^uced by 
Von Buch and copied from him by Sir CSiarles Lyell, Dr. Daubeny, Dr. Buist, ^ Von 
Buih. in his “ Memoir on the Canary IsUmds," gives the height of the cone at 1,690 Paws feet. 

His account, though apparently derived from Lieutenant Colebrooke s paper al^, ooiftains 

the statement that the sea pen^mteil.lnto the circle at the base of the cone. ^ can only 
have been due to «w» mWpprehenmon of the mea^g of Mairs word^ whmW^as 
follow: “The bwB pf the cone is tile lowest part of the island and vejiy little higher than 

of tke v . 

iabr Cffiiwlee ^ tbb e«dj«r effltioiis of the • Prinoiides,’ framed ^ 

jtiwngee from Enj^sh into french, and back again mto Bnglu^, *^* *^*^^ , 
d8 feet, Btandmg in the 7th edition of 
also thew stated that the okeular bamn latide is fined «th w 
1868 (I have mrtb^a^ to refer 
IKK)feeti# 4 d<iiifidm»toad Iho fQvmt one ; but the etatem n 
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regarding the sea inside still remains. In the l(^h Bditidn (1868) Captain Miller’s estimate ; 
of 600 feet, as the height in 1834> hi retidned ; but it is stated that acoording to Yon Liebig 
in 1867, both the cone and outer orater .wwe about , 1,000 feet high, and in referenoe to the sea 
we find the following : “ In some of the older accounts the sea is described as entering the 
inner basin, but Yon Liebig says it was excluded at the time of his Tisit.*' 1 believe this 
statement regarding the sea to have arisen solely in the way I have pointed out. It is 
important that there should be a clear representation t^ie case, as otherwise it might be 
concluded that we have evidence of the rising of the island within the historical period. 

The next account to that by Blair is by Horsburgh, about which there is nothing parti- 
cular to remark here, save that he asserts tiiat in 1803 the volcano was very active (see 
table). 

Dr. J. Adam's aocounl^ is derived from infohnation and specimens received from a 
friend who had landed on the island in 1832. He speaks of the stones on shore hissing and 
smoking, and the water bubbling all round them. The statement has apparently been under- 
stood by one writer to indicate that the lava had not then cooled down. But the hot spring 
was probably quite sufficient to account for the phenomena observed. Tins is the first 
mention made of the hot spring. The author supposes that the volcano is only active in 
the south-west monsoon, i. e., requires water to bring it into a state of activity. Apart 
from other considerations, it is only necessary to say that the only authentic account of it in 
a really violent state of eruption is by Blair, who saw it on the 21st of March, and therefore 
not in the south-west monsoon. Captain Miller’s account is very inaccurate in several respects. 
He has given the height at 600, and the angle at which the cone rises at 46° or even more. 
If the elevation of the cone in his time were only so much, then, since he states that this 
was also the elevation of the outer walls or amphitheatre, both must have increased pari 
passu. This view is* of course untenable, and we are forced to believe that Captain Miller 
only gave a rough guess. His remarks on the vegetation are quite inconsistent with one 
another, for he says, — ‘‘there is no vegetation of any kind within the amphitheatre, but 
a few small trees are found on other parts of the island, which, however barren it may 
have been at one time, is now well wooded** 

Dr. Daubeny, in his description of Barren Island, though quoting from Lieutenant 
Colebrooke, gives the elevation of the cone at 4,00(/, which must have been due to a clerical 
error. A somewhat modified reproduction of the original sketch is given. 

Mr. Scrope, in his work on Volcanos i^nd Edition^ Lond., 1862), writes regarding 
Barren Island : “ This permanently active volcano is a cone about 4^000 feet high, rising 
in the centre of a circular cliff range, which entirely surrounds it except at one ]^int 
where the sea has broken in." Though the authority is not given, it is evident that this 
account is derived from Dr. Paubeny’c^ as the elevation is not given at 4,000’ in any 
other work. 

In 1846 the island appears tp have been visited by the Danirii corvette Qalathea^ but 
the only record of the fact which I know of is an inscription on 4 rock on the island-^ 

* QALATREA,vm:' ' 

In the Bomhsbif TimfiS for July 1852, on the authority of Dr. Buist, it is stated that 
the volcano was very active, but X have-not been as, yet able to refi^r to the original 
account. ' 

The .chief points in the accounts subsequent to the, above will be found incoipomted 
below. Dr. Playfair, Yon Xdeb^, aud the Andaman Committee agree in estiznafog the 
angle of the cone at 40^ to 45°t the elevation at frinn feet. ' 



Mntraet of the published aeeomU if Barren Inland, 


M 


Meeord$ ^ ihe Oeotogiegl Surety «f Mia. 


[VOL. VI. 












PA&T 4 .] 


Ball: Barren Island and Narkondam 


85 



* For changes in snbseqaent editions, see page 82 . 

Anthoiities whose descriptions are not derived from personal observations in italics. 
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From the preceding we may gather the following. The volcano has probably not been 
in violent eruption since the years which closed the last and commenced the present century. 
The lava-flow which stretches from the entrance open to the sea to the base of the cone 
was probably poured out during this period, and raised the level of the encircling vtdley 
some 4£f above its elevation in 1789, when Blair saw it. He makes no mention of a lava 
stream in his time. If it did not exist then it cannot — as has been supposed by some — have 
been instrumental in the formation of the entrance. That this fissure was probably due to 
other causes we shall presently see. 

From Lieutenant Wales' figure it is apparent that no material change has taken place in 
the general configuration, and as it has been shown that 1,800 feet cannot have been the true 
height, and about 920 probably was, no great alteration in the level is likely to have 
taken place. 

General appearance of the Island , — Seen from any side but the north-west. Barren 
Island appears as a nearly fiat-topped hill with numerous spurs running down into the sea. 
From some aspects, however, the top of a central cone with a column of smoke rising from it 
is discernible. 

As the north-west side opens up to view, it is first realised that the island consists of 
a circular ridge forming a huge amphitheatre, which is broken down at one side for a dis- 
tance of perhaps 160 yards to the level of the sea. The view obtainable through this entrance 
discloses a bare cone which rises from the centre of the valley. Except at a sort of shoulder 
not far from the top, and at two peaks close to the summit, no rocks are seen on this cone, 
its smooth sides being covered with grey ash and occasional strings of shingle. Towards the 
top some whitish patches are seen, due to the presence of gypsum mixed with the ash. 

The total diameter of the island is, on the authority of Lieutenant Heathcote, 2,970 yards. 
The circuit of the island, from the time it took us to row round, I estimated at about six miles. 

The high encircling ridge is formed of somewhat irregularly deposited layers of lava, ash 
and conglomerate, which dip away from the centre. A section of these may be seen on the 
left hand of the gap or entrance, and others at various points on the sea-face, no two of 
them corresponding exactly in character. 

These beds or layers generally dip at angles of 36°— -40®, which inclination a^ars 
to be continued steadily under the sea^ as bottom, except at one place, has not been found 
with a line of 150 fathoms at i of a mile from the shore. This steepness has been un- 
favourable to the formation of a fringing reef of coral of any magnitude, such as we find 
surrounding some of the Andaman and Nicobar groups. 

The elevation of this outer ridge varies somewhat in places, but it probably nowhere 
is much in excess of 1,000 feet. Its highest points are towards the south and west. 

The appearance presented by the inner scarped face of this amphitheatre is very 
peculiar. In several places cornice lines mark the position of particular beds, but a 
purplish grey, or in places brownish, ash spreads over the steep slopes, except towards the 
south-west and west, where there are some trees and shrubby vegetation. To the north, south 
and east a few tufts of grass — ^genmrally arranged in long vertical lines, the first being a sort 
of protection to those below it — are the only plants which have managed to establish a footing 
in the loose ^h. ^ 

The^outer slopes &cing the sea are for the most part covered with a luxuriant vegetation, 
in which laxge ferest trees may be discerned. These latter attract considerable numbers of 
fruit-eating pigfonB {Carpophaga hicolw). ^ 

From its composition and character, it is evident that this ring of cliffs is the remnant 
of the original cone which gradually rises from below the sea. Its top and a portion of the 
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side were, no doubt, blown off by a violent eruption, and the present cone was subsequently 
formed inside. 

For a long time Barren Island was considered by Von Buch and others of his school 
as a most favourable example of his elevation theory of craters* 

The gap or fissure in the surrounding walls bears about north-west-by-wost from 
the centre of the island. It is the only place where an entrance can be obtained to the central 
valley. 

Sot. dose to the landing place, there is a hot spring which has been mentioned 

in several of the accounts of the Island. Dr. Playfair found the temperature to exceed 140°, 
— the limit of his thermometer. Dr. Liebig's thermometer was only graduated up to 104°, 
but judging from the feel to the hands, he estimated it to be near the boiling point. The 
Andaman Committee record it at from 168° to 163°. At the time of our visit the highest 
temperature of the water where it bubbled out of the rocks, close to high watermark, was 
130° F. We failed to boil some eggs in it which we had brought with us for the puiq)ose. 

The water is perfectly clean and sweet, and there was no trace of sulphureous vapours. 
Strange to say, where, though mingled with the sea, it was still too hot for the hand to be 
retained in it with comfort, there were a number of brilliantly colored fish swimming about. 

Facing the landing place is the termination of a flow "of lava which extends backwards 
from this for about a mile to the base of the cone, round which it laps for perhaps f of the 
circumference. The height or thickness of this flow of lava is about 10 feet at first, gradually 
rising to 60 feet where it emerges from the base of the cone. The upper surface is deeply 
cleft and covered over with blocks of black cellular lava which rest upon one another in con- 
fused piles. Sometimes they are poised so insecurely on one another that it is a matter of 
some risk to attempt scrambling over them. Towards the base of the flow the rock from its 
slower cooling is more compact and less cellular. In places it contains white crystals of a 
mineral resembling leucite. In others it is a true basalt with numerous crj^stals of olivine. 

As pointed out by Dr. Leibig, the older lava seen in the section of the ridge differs from 
this ; it consists of a reddish matrix with ciystals of felspar (probably sunidine), olivine, and 
augite. A somewhat similar rock occurs on Narkondam. 

. On our way to the central cone from the landing place we at first endeavoured to avoid 
the rough surface of the lava-flow by keeping on the slope of the gap ; but after a short 
distance the bushes and unevenness of the ground compelled us to strike down on the lava, 
,when we found, to our astonishment, a sort of path which must have been made by the 
committee sent from Fort Blair to report upon the grass. 

Arrived at the foot of the cone, we commenced the ascent from the west. The loose 
ashes and shingle rendered it somewhat toilsome work ; and those in front found it difficult 
to avoid loosening fragments of lava which bounded down the hill in a most unpleasant way 
for those who were following. 

Dr, Liebig appears to diave ascended from the north side, where it seems to have been 
equally difficult. 

About i of the way from the top there is a shoulder of rock which shows very well in 
the photograph. This probably marks the position of an old vent. There is a good deal 
of firm ground about it. 

The svunmit of the cone is truncated, and contains an oval-shaped depression, ono-half 
of which is partly filled with ddbris, and the other, some 20 yards in diameter and 60 feet 


* The AndanHin Committee do not appear to have realleed this feet, as ther spent no little time and trouble 
in exoavatinir a well without finding a trace of water. 
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deep, has a circular bottom, which is filled with sand. This appears to have been the last 
crater formed on the island. 

The two principal edges of the depression strike to north-west, south-east ; they consist of 
ash permeated with fibrous gypsum (selenite) ; numerous cracks and fissures occur in this 
part of the hill, and the ground is hot. On turning over the surface, the sides of these 
cracks are found to be encrusted with sulphur, resting upon the rugosities of which small 
detached crystals of the same mineral were not tincommon. From the highest point on the 
northern edge a thin column of white vapour and sulphureous fumes is slowly poured forth. 
Even when standing in its midst, the fumes did not prove so irritating a might have been 
expected. 

On the southern side of the crater there is some solid lava in situ, and on the west there 
is a peculiarly shaped mass which forms a conspicuous object from below. Some of the lava 
here has a reddish matrix and. is somewhat vesicular. I also found some basalt, the outer 
surface of which was weathered into a white crust. 

It seems probable that the nucleus of the cone is solid rock to a considerable extent, the 
ashes seen at the surface being only superficial. 

By following water channels when they were to be found, and glissading over the ashes, 
the return to the base of the cone was effected speedily and without much difiiculty. 

By a small watch-aneroid supplied with a Vernier scale for feet, the height of tlie cone 
is 950 feet ; but as one heavy storm of rain had passed, and clouds portended another, 1 am 
willing to believe that owing to the atmospheric disturbance the observation was not trust- 
worthy, and that from 976 to 980 feet given by Lieutenant Heathcote, J)r. Liebig and others 
is the true elevation. The temperature on the top was 83°. 

The diameter of the base of the cone is 2,170 feet according to Lieutenant Heathcote. 
The slopes of the cone incline, according to my observation, at angles varying between 80° 
and 35°. Blair gave it at 32° 17', or about the moan of these two. Other observers say 40° 
to 45°, but the photograph of the cone shows that the former is correct. 

Dr. Liebig has discussed the question of the amount of sulphur obtainable on the island. 
He seems to think the chances of finding a permanent supply very doubtful, but recom- 
mends a preliminary trial. 

Considering the great expense which keeping up constant communication with the 
Andamans and the superintendence of convict labour would involve, 1 cannot see that 
there is any prospect of the collection and refining of the sulphur being made to pay. 

So far as is known, the substance occurs only at the ^summit of the cone, though, doubt- 
less, if the right places could be found, it does also occur lower down. But in such places, 
it could only be as an old deposit which, on being worked out, would not be replaced again. 

On the summit the deposit, so far as 1 could see, proceeds veiy slowly, certainly not with 
sufficient rapidity to keep laborers constantly employed. 


Nabkondam, Lat. 13° 24'; Long. 94°12f. 

Watory and previous notices , — So little has been published regarding this island that a 
few lines will suffice to dispose all that has ever been recorded regarding it. 

1|L> it was passed by Colonel Symes* when on his voyage to Bangoon, whence he 
etarted qh h^ 9 n;|^ 88 y to Ava. He speaks of it as “a barren rock rising abruptly out of 
the sea and seenringly destitute of vegetation.*’ 


* Embassr to Ava» Vol. 1, 1827, p. 167. 
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Dr. McClelland, writing in 1838** says : " It is a volcanic cone raised to the height of 
7,800 feet. He gives a sketch showing the figure of the cone, the upper part of which is 
quite naked, presenting lines such as were doubtless formed by lava currents descending 
from the crater to the base, which last is covered with vegetation.*’ No soundings are to be 
found at the distance of half a mile from the shore. This account is reproduced by Mrs. 
Somerville, Dr. Daubeny, Dr. Buist and Mr. Scrope. 

Horsburghf says-— Narkondam may be seen about 14 or 15 leagues from the deck, and 
appears in the form of a cone or pyramid with its summit broken ofE ; it is bold and safe to 
approach all round. 

Mr. S. Kurz, in his report on the vegetation of the Andaman Islands, writes : “ Narkon- 
dam Island has an extinct volcano remarkable for the great height of its cone, being twice as 
high as its outer wall. Owing to the great height of the cone (perhaps 2,000 feet) in pro- 
portion to the surrounding wall, this island must have sunk 'very much, or the volcano must 
have been formed from a considerable depth in the sea.” Mr. Kurz gives an outline 
sketch of the island as it appeared to him from a distance of 20 miles. ‘ 

In a paper on the geology of the neighbourhood of Port Blair, 1 made a few remarks 
on the appearance^of Narkondam as seen from a few miles distance. In it 1 accepted the 
height of the cone, 2,150, given on the chart, as authentic. This, it will be seen by the 
sequel, I do not now adopt as coiTect. In the Indian Observer for the 10th of May a short 
account of the present visit will be found. 

Viewed from the north-west at a distance of about 4 or 5 miles the island of Narkon- 
dam appears to consist of a tolerably regular cone which rises from a'h interrupted ring of 
irregularly piled masses. The apex is somewhat truncated, but has three distinct peaks. On 
the occasion in 1869 when 1 first saw the island a dense mass of cloud rested on the top, and 
1 was unable to make out the character of the summit. But when subsequently seen, it was 
observed that there were three peaks as represented in the sketches published by Mr. Kurz 
and Dr. McClelland. The, upper parts of the cone and the sides for more than half way 
down are deeply furrowed by ravines, and what appears to be a low scrub jungle spreads 
uniformly over the island save upon some vertical scarped faces. 

With the general consent of those who have seen it, the conical form has been accepted 
as a proof of the volcanic character of the island. Dr. McClelland, as noted above, speaks of 
"the lined appearance being ** doubtless formed by lava currents descending from the crater to 
the base.” These lines are, however, simply the result of erosion, and mark the position of the 
watercourses. 

The elevation of the summit of the cone has been variously estimated at from 700 to 
2,160 feet. Since however, according to Horsburgh, the island first becomes visible from the 
deck of a steamer at a distance of from 14 to 15 leagues ; it is probable that about 1,300 feet 
would be nearer the true a]i#itude, and such indeed, judging by the eye, appears to be a very 
fair estimate. 

On the occasion of our visit we landed in a small bay on the north-west side of the island. 
At about 100 yards distance from the beach the water became so shoal that we were compelled 
to land on a raft. We soon found that the jun^^le which, in the distant view, appeared to con- 
sist mainly of low scrub was really composed of large forest trees with a thick undergrowth. 
So dense was this, just above high water mark, that at first it seemed probable that it would 
be impossible to penetrate it. Added to the natural density of the jungle, another obstacle 
was presented by the prostrate condition of many of the trees, which in their fall had carried 

* Oa the dlShrenoe of level In Indian Ooal-fleldib J. A. B. B. Yll. Also in the Coal Oommittee's report, and in 
Corbjn’S Indian Review. 

t Indian Direetory, 5th Ed.. Yol. ll, 1848, p. 58. 
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down tangled znasseR of creepers and the lower vegetation. It soon became apparent that at 
no very distant period a violent hurricane or cyclone must have swept across the island* 
An entrance was at last found, and for three hours, cutting our way and making con- 
stant detours to avoid fallen trees, we endeavoured to force onwards to the summit, hut 
were at length compelled to give up all hope of succeeding and returned to the beach. 
Further evidence of the hurricane was there afforded by numerous fragments of a wreck 
which had been thrown up on the sand. Subsequently this storm was identified with one 
which took place on the 2€th of October 1872, and did much damage in the Cocos Islands 
and other parts of the Bay. 

The only rock seen where we landed was a conglomerate, or boulder bed some 60 feet 
thick. The boulders consisted of a trachytic porphyry which contained sanidine, augite, and 
mica in grey or pinkish matrices. We discovered no evidence whatever of recent lava or 
basalt occurring, though either or both may exist, as our observations were confined to one 
small bay. 

Notwithstanding the luxuriance of the jungle which included species of Ficus, Palms 
(Caryota), Acasia, Calosanthes, &c., no fresh water was discovered. 

Much remains to be done in the exploration of this most interesting volcanic island. 
It is particularly desirable to ascertain whether there is really a crater at the summit, and 
whether there are any traces of recent lavas. 

Future visitors would do well to provide themselves with some wood-cutters. They 
should laud near the northern spur, and getting then on the steady rise, they will probably 
find no insuperable obstacle on their way up. 


Stbay Notes on the Mbtalliebeoits bbsoubces of Bbitish Bubmah, hy W. Theobald, 

Geological Survey of India, 

Though little that can, strictly speaking, be called precise information respecting the 
mineral wealth of Burmah exists, either as regards the value or extent of its presumed 
mineral sites, yet it may be not without interest to give a brief sketch of what stands 
recorded on the subject, leaving for future investigators the task of sifting these statements 
and determining the importance in an economic point of view of each separate locality. 

A general impression is undoubtedly prevalent that considerable metalliferous resources 
exist in Martaban and Tenasserim, and that it only requires a thorough examination 
of these districts to establish the fact in a manner sufficiently clear and precise to 
tempt the European speculator and capitalist into the field, and originate a new and thriving 
branch of industry which would soon prove of great value to the province. Unfortunately, 
nothing very tangible is known, though the matter has never been quite lost sight of, and has 
attracted the attrition of district officers, among whom Mr. O’Riley in Martaban, and 
Major Malcolm Lloyd in Tounghoo, may be prominently mentioned. A serious cause, however, 
of error, and of a too favourable view brag taken of the productiveness of a new mineral 
locality, lies in the fact that undue importance is too commonly attached to the result of an 
analysis of a small specimen, which in reality affords no criterion whatever of the value 
of itue discovery in an economic point of view, since the actual richness of the ore is perhaps 
the least important element to beconsidrad; the two far more important points for con- 
sideration being the amounti^f ore procurable, and its position as regards water carriage, 
for iie extraction and reduction. Of course, all other conditions heing 
eqnal, a is more valuable than a poor one'; but the mere analysis of a small specimen 

of orc^ Imw poever it prove, is no criterion whatever of its economic value, or whether it 
can be profitaMy worked. A reduced copy of Mr. OTliley’s map of Martahan, showing 
mineral sites, is published herewith for general convenience. 
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The only ores which need be noticed fot praotiool purposes are those of iron, tin, lead, 
copper, antimony, none of which, saye iron, are known to occur West of the Sittoung, 
but are confined to the belt of country running up from the British boundary on the 
Pakchan creek in Latitude 10** North to the frontier in Latitude 19** 3(X. This tract of 
country differs essentially from the ground West of the Sittoung, the former being composed 
of seyeral groups of beds of Paleeozoic age, both altered and unaltered, together with meta- 
morphic rocks seemingly azoic, the whole being travei'sed by granite and' elvan dykes and 
pierced by numerous hot springs, whilst the latter is wholly made up of Secondary and 
Tertiary rocks, the newer greatly predominating ; and wherein intrusive rocks are next to 
unknown. Physically also, and as regards climate, the country East of the Sittoung differs 
no less from that West of the river, than it does geologically. Martaban is essenti^ly a 
mountainous country with lofty chains stretching in a north-north-west direction, some of 
whose peaks rise to 6,000 or 8,000 feet, and would afford some of the most charming sanitaria 
in India were they only a little more accessible to those who might be benefited by a resort 
to them. As a result of the geological constitution of the ground, copious and perennial 
springs abound and give rise to a charming verdure and coolness even over the lower 
elevations to which 1 know of no parallel elsewhere ; and though said to be unhealthy (how 
truly 1 know not), the pine forests of the Youzalin are among the coolest and pleasantest dis- 
tricts, as far as temperature goes, which India can offer. It is this very district which, according 
to common report, teems with mineral wealth; but a most unfortunate drawback to its proper 
investigation is its wildness and want of population, which means also want of roads of 
any sort, and difiicnlty in the matter of supplies, not to allude to risk of sickness (a common 
concomitant, among camp-followers at least, on a greatly reduced temperature), and the attack 
of plundering bands, which find a sort of happy hunting ground along all this difficult wild 
country adjoining on the Karen-ni and Zimmay territories; traders and travellers being 
the special victims of these freebooters. The regular dacoit, moreover, is not the only 
‘ conveyancer' to be dreaded ; as it was but little more than a year ago that the entire police 
guard escorting some treasure, belonging to a trader, appropriated the money and then 
humourously stepped across the frontier with their arms, accoutrements and all as they 
stood, heedless of the feelings of disappointment, if not shame, which their doing so must 
have caused their comrades whom they left behind. 

Iron . — ^Excellent ores of this metal occur both in Pegu, Martaban and Tenasserim, 
and in former days were smelted by the Burmese, but the manufacture is no longer to my 
knowledge carried on in British Burmah, though iron is still made in Upper Burmah, 
near Fuppadoung, from ores similar to that formerly used in the Prome district. In Pegu 
( Eastern Prome ) the ore occurs in the form of concretions of an earthy hydrated peroxide 
disseminated through the newer Tertiaiy beds which ore there so extensively developed, and 
of which an account is given in the Records of the Geological Survey of India for 1869, page 
83. East of the Sittoung the ore usually met with is the magnetic, a mixture of the 
protoxide and peroxide, often occurring in thick beds or lodes, and a valuable ore for smelting. 
Specular iron also occurs as an integral constituent mineral in some of the crystalline schists, 
and has from its brilliancy been mistaken for galena. 

Mr. O'Biley remarks that iron occurs abundantly in the lower ranges of the hills to the 
east of this station" (Shuay Ghyin), and the some valuable ore, the magnetic oxide, is known 
also to occur in Tavoy ; but these deposits will probably not prove remunerative to work for 
many years, or till the difficulties which of late have threatened mining industry in England 
shall have become more weighty and confirmed. 

— This metid is unquestionably the most important commercially of any produced 
within our EasterU possessions* Though beyond some workings near Malee-wan on the 
Pakchan river, near Latitude 10® Norths the ore is nowhere systematically worked 
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on a large scale within British territoiy. South of the Pakchan stream the richness 
of the tin washings derived from the degradation of a stanniferous granite, in which the 
tinstone occurs as one of the integral constituents of the rock, is well known, and reference 
may be made for information connected with this question to a report of Br. Oldham, 
published in Selections from the Becords of the Government of India, No. 10, page 66. 

But the fact of most interest as regards British Burmah is, that this stanniferous granite 
and its associated deposits of stanniferous gravel, stretches up as far north as the parallel of 
Tounghoo, east of which station on the eastern slopes of the Pounglong Bange, the metal has 
from time immemorial been worked by the Karen-ni, or Bed Karen tribes within whose terri- 
tory it lies. Tin ore has long been known to occur in the streams discharging into the Henzai 
basin in Latitude 14° 40^ and also at ** Ohando near Palouk, about two days journey from 
the sea^ halfway between Mergui and Tavoy” (vide Gleanings of Science, vol. I, page 143) ; 
but how far to the north of Tounghoo this stanniferous granite continues, is not known, though 
as likely as not for 600 miles or more. As the tin works above, alluded to at Kamapew, are 
some 2 miles beyond British territory, it is very important that Mr. O'Biley has traced the 
ore across the range of hills into the drainage basin of the Sittoung ; and to Mr. 0*Biley 
belongs the credit of having first drawn attention to the above fact. His words are 
as follow: “Tin: of the existence of this metal within the area of this district, 1 was 
convinced from having traced the stanniferous formations of the “Kaimapyu** which fall 
into the Salween, across the ranges of hills, whose drainage flows into the Sittang valley, and 
on forwarding to the Karens specimens and instructions, I was enabled to procure the 
specimens A. B.“ Of course Mr. O'Biley may have been misinformed, and the specimens 
in question may in realily have come from the Eastern, Salween valley, side of the hills 
and not fram the British or Sittoung side ; but as Mr. O'Biley was fully aware of the 
importance of this point, I am prepared to believe his statement in this particular to be 
correct. Mr. O’Biley goes on to add : “ The specimen A exists in the hills north of the 
Youkthwah river, within the Tounghoo district, and the other, in the head waters of the 
main stream." I myself received some corroborative testimony to the same effect, when 
examining some hot springs in the lower part of the Youkthwah river ; but nothing is actually 
known of the precise locality where the ore exists, nor can be till some one is specially 
deputed to examine the question. Major Malcolm Lloyd, Deputy Commissioner of Tounghoo, 
has much interested himself with the resources of his district, and has furnished me with 
the following itinaiy &om Tounghoo to Kay-mah-pew, from which the difficult nature of the 
intervening country may be inferred, since the actual distance from Tounghoo is probably not 
much over 46 miles. On the last march the British boundary is crossed about the fourth mile. 


RoiUe from Tounghoo to Kag-mah-pew, 
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‘ The mirmt prke of tin ore in Tounghoo used not to exceed, as I am informed by 
W. Usher, 1^;^ 186 the hundred vies (about 876 lbs.); but latterly the price has 

tisen to even to Bs. 230 for choice lots, the same realizing Bs. 250 in Bangoon. 

As tiio carrimge ^^1^ the mines to Tounghoo is at present whcdly by coolies, it seems desirable 
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to ascertain if no altematire route can be devised hy the Salween to Moulmein, making use 
of water carriage for part of tbe way. 

Galena. — This ore is known to exist in numerous spots in Martaban and Tenasserim, 
and is usually argentiferous to tbe extent on an average of 12 ounces of silver per ton of 
lead, taking as a guide tbe first six analyses of tbe subjoined table. In this respect tbe 
galena from Bamo and Upper Burmab is far richer, tbe mean of three samples from Bamo, 
giving 78 oz. 17 dwts. of silver to the ton of lead, tbe poorest yielding 68, and tbe richest 
104 ozs. 

Thhle exhibiting the amownt of silver in ounces per ton of lead from samples qf Galena 
from various parts of Burmah, 
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Nine localities where galena occurs are marked in tbe sketch map of Martaban by 
Mr. O'Biley, ranged generally on a north-north-west line of beai*ing, coinciding with the 
general direction of the hill ranges, and extending over a line of country some 90 miles in 
length. Mr. O'Biley describes the ore as occurring in the mountain-limestone formation 
of the district, which is that also to which the magnificent and picturesque limestone hills 
near Moulmein, and along the Salween belong, but he does not say if the ore occurs dis- 
seminated in the rock, or in the form of a true mineral vein or lode. From what I have 
remarked on the north-east of Tounghoo, at the spot whence Major Lloyd procured his 
galena, I am inclined to think that it may occur on both ways, as it is there rather doubtful 
if there is a true vein, whilst on the Salween valley, the accounts would certainly suggest 
the existence of lodes. 

I am sorry 1 cannot give any account of the attempts which have been made by private 
parties to work the lead and silver of Martaban, but much reticence is naturally observed 
on such a subject, either from a feeling of distrust or of vexation at the unfortunate results 
of crude attempts and hasty speculation. Nothing that has as yet been done, however, can 
be considered as conclusive either for or against the practicability of bringing these ores 
into the market. At present the wild state of the country seems to me the main obstacle 
to arriving at a satisfactory conclusion on this subject, from the sparseness of population 
and consequent inability for any one to properly scrutinize these impenetrably clad hills. 

OoPFBB. — Four specimens of copper ore were procured by M. O’Biley, three of them 
from the same localities as the galena, one of them from l^e hills east of the Sittoung 
Biver, and all Consisting of ** the ordinary copper pyrites, both arsenical and combined with 
sulphur and iron." I have not myself been so fortunate as to procure any undoubtedly 
Martaban copper ore, save pieces brought to me exhibiting traces of that metal in the form 
of green carbonate assodated with iron or lead ore, to the extent, and no more, of implying 
the presence of a small portion of the more valuable metal in the mm* Not far from Moul- 
mein on the Ataran Biver, 1 have seen |ieaps of slag which some believed to be old copper 
workings ; but an analysis shows that the slag does not contain somuoh as a trace of copper, and 
indicates merely the former presepoe of iron works, abandoned before the memory of the 
existing^nhabitants. 

An extremely interesting iqwcimen of copper ore of a somewhat novel composition was 
procured by M. O’Biley from some spot on the Yoonzalin Biveri said to be accessible for boats. 
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Mr. Waldie, who analysed it, deimhes it as a new xnineral speoiee under ttM niiine O'Bikyitei 
in the Proceedings of the Asiatic Society of Bengal for 1670^ page 279. Two analyses of the 
samples were made as below, the first being that of a saimple forwarded cm the 24th July, 
the second, which differs slightly, a sample forwarded subsequently 
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The silver in the above sample is equal to 81 j)* ounces troy per ton. The large amount 
of loss, however, (presumed to be mainly arsenic) was unsatisfactory, and Mr. Waldie, there- 
fore, made a careful analysis of a second sample of the same mineral, forwarded by 
M. O’Kiley on the 10th of October, with the followmg results 



Soluble In dilute 
bjdrechlorio sold. 


Indications of the presence of copper, in the shape of stains of the green carbonate, are 
also occasionally met with \ one such bdng recorded in the Geological Notes by Captain 
W. Foley, in the Botoung hills, 90 miles north-north-east from Moulmein (Maulamgeng) ; 
his words are : ** Silver ore is said to eodst in a limestone rook at this place ; and judging from 
the numerous exoaf ations that had been made by those in pursuit of the premous metal, no 
little labour has been used in the eodoatour to discover it. 1 hadnmthertiinenoropporta^y 
for ascdrtaihbg whetiidr f^!ver ore does so exist. Pieces of cop^w green, iron pgrites, and 
lead ore deemed useless and cimt aside those in pursuit of silver were strewed about the 
place, and ficr tiie first time, in this of the world, I observed •onfAraciSs dispersed in 
tifin seams throui^ the liimstoiie 

From this mteretiing I liiould infer that extensive djggixgs for gojena M 

been msJk here, as in a note the r^jeoteA lead ore is said to he the “ c^eeniate;* possibly tdm- 
^acal with phosph^ of lead contidning arsenic, which has recently hem rei^Y^ iii the 
hdwratmy of the Surrey for analysis the Alarts^ diati^. 

< ; AjnvkttpWT.r-Aritiitn^ Wldih galena in Martaban, but is nowhere 

wskdmd Irtish ierriboiy. MolniBo aiitiin(my, howefer, is imported to a extent ftom 
Hind is pHfbabiy used as an ingredient in the alleys of copper and siiyer 

to reotive much attmitidh as a metal, though the powdered unhide is 

the jq»^tion 

of whsdh eysl^ in the shape of a fine powder, ia euppoaed Id enlfage the 
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apparent siaiB of the eje ani add to itf lostre and beaaty. In India at least, however, no 
diaorimination Beems to be made between the sulphide of antimony and ordinary galena, 
whidi goes also by the name of soormah. 

Gold. — Though of slight eoonomio importance, gold oeours in most parts of Burmah, 
bat is very little worked within Brituh territoy, whioh I attribute to the higher and more 
certain remuneration there obtainable for agricultural or other labor ; and gold working is, 
tiierefore, purBUied mainly in bad Beasons, or as an exceptional means of industry taken up 
merely now and again. 

1 am not aware of platina having been discovered in British Burmah, but as it is known 
in Upper Burmah under the name of Shwaybeen (white gold), it probably, I think, will be 
fi»nnd in Fegn also, but perhi^ in too fine a state of division to be independently separated. 

In Yolame III of the Gleanings of Science a very interesting anedysis of a platina 
* button’ &om Aya is given by J. Frinsep, which I here transcribe in proof of the actual 
occurrence of the meted, whidi might also be doubted . 
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The sole use the metal is put to is «s an alloy, the only form of course in whioh the 
Burmese are capable of manipulating it. The proportion of the metals iridium and osmium 
is remarkable ; and additional samples from Bamo are much wanted for analysis, but such 
are scarcely procurable save on the spot. 

An impure earthy cobalt containing manganese was many years since procured by my- 
self near Henzai, but I could learn no particnlars beyqnd the above rather vague one of 
locality. It was a nodular mass of a black color enveloped in white clay, not more than an 
ounce in weight altogether. 

The above remuks are all thf.t I need offer on the subject, my intention being solely 
to point out in a brief manner wbat previous observers have recorded on the subject of the 
metalliferous wealth of Burmah. 

DONATIONS TO THE MUSEUM. 
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An<HT0T fncieut stone implement found by a native at Terabag near Mokaohabri, 
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Pgrfs, 


Thb Authob. 


Osi^Unlms de I'ranep, (1872), 8vo., Paris. 

Ditto. 
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HHtlee Books. Donors. 

Hbkdebson, G ,, and Hums, A. 0. — ^Lahore to Yarkund, (1873), 8vo., London. 

Department op AaRiouLTUBE, Betenue and Commerce. 


Mcir, J.*— Original Sanskrit Texts on the origin and history of the People of India, Yol. IV, 
(1873), Sva, London. 


Home Department. 


MtfLLER, F. Max. — The Hymns of the Big-Yeda in the Pada Text, (1873), 8vo., London. 

Ditto. 


jjduLLEB, F. Max.— The Hymns of the Big-Yeda in the Samhita Text, (1873), 8vo., London. 

Ditto. 

Qubtblet, a. — ^Notices extraites de Fannuaire de robservatoire Boyale de Bruxelles pour 
1873, (1873), 12mo., Bruxelles. 

The Author. 


Bcport on the Progress and Condition of the Boyal Ghurdens at Hew during the year 1873^ 
(1873), 8vo., London. 


India Office. 


Sl ADEN, Major £. B.^ Official narrative of, and Papers connected with, the Expedition 
to explore the trade routes to China vih Bham6, *(1869), 8vo., 
Bangoon. 

William Theobald, Esq. 


PEBIODICALS. 


American Journal of Science and Arts, 8rd Ser., Yol. Y, Nos. 29 & 30, and Yol, YI, No. 31, 
(1873), 8vo., New Haven. 

Annales des Mines, 7th Series, Yol. Ill, Liv. 1 & 2, (1873), 8vo., Paris. 

L’Adminibtrator des Mines. 

Annals and Magazine of Natural Histoiy, 4th Series, Yol. XI, Nos. 66^68, (1873), Svo., 
London. 


Canadian Journal of Science, Literature, and History, New Series, Yol. XIII, Nos. 2—4 & 6 
(1872 — 73), 8vo., Toronto. 


Canadian Inbpidute. 


CuYFER, Ch. DEi^Bevue Universelle des Mines, de la Mdtallurgie, Tome XXYIII, Liv. 1 — 3, 
(1871), 8vo., Paris. 

Geological Magazme, Yol. X,Nob. 6^8, (1873), 8vo., London. 

Indian Economist, wit)t Agricultuxal Gazette, and Statistioal Beporter, Yol. lY, No. 12, and 
Yol. Y, Nos. 1—2, (1873), 4to., Bombay. 

Government of India. 

ISdi^ and Dublm i^iilosophical Magazine aoid Journal of Science, 4th Series, 
^ : V \ 5 : Yd. XLY, Nos. 802—304, (1873), 8vo., London. 

Neues Mineralogie, Gedogte, and Paksontologie, Jahrgang 1873, heft 3— 4, 

’ ' (1873), 8vo., Stuttgart. 
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Titles qf Books. 


Donor*. 


Pbtbbmaitit, Db. a. — Q eograpliuiobd Mittheilongen, Band XIX, Nos. 5 — 7 , (1873), 4to., 
Gotha. 

Frofessional Papers on Indian Engineering, 2nd Ser., Vol. II, No. 9, (1873), 8vo., Boorkee. 

Thohasob Collbgb, Roobeee. 

Quarterly Journal of Science, No. XXXIX, (1873), Svo., London. 

Bevue de TExposition de 1867 ; Mines, M^tallurgie, Ohimie, &c«, Nos. 9 — ^10, (1870), 8vo., 
Paris. 


GOVERNMENT SELECTIONS, &o. 

BENaAL.-— B labfobd, H. F.^Beport of the Meteorological Reporter to the Goyemment of 
Bengal. Meteorological Abstract for 1872. With Administration 
^ Report for 1872-73, (1873), flso., Calcutta. 

Govebnment of Bengal. 

BoiiBAY.-^Selections from the Records of the Bombay Government, New Series, No. 132. 

Narrative of the Bombay Inam Commission and supplementary 
settlements by Colonel A. T. Etheridge, (1873), 4to., Poona. 

Govebnmekt of Boubat. 

India.— Annals of Indian Administration in the year 1871-72, Vol. XVII, pt. 2, (1873), 
8vo., Serampore. 

Govebnhent of India. 


Lists of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative, and Foreign Departments as it 
stood on the Ist January and 1st July 1873, (1873), 8vo., 
Calcutta* 

Ditto. 

List of Officers in the Survey and Forest Departments on the let of April 1873, 
(1873), flsc., Calcutta. 

Depabtment of Agbicultubb, Revenue and Commbbob. 

Selections from the Records of the Government of India, Foreign Department, 
No. 102. Report on the Political Administration of the terri- 
tories comprised within the Central India Agency for 1871-72, 
(1873), 8vo., Calcutta. 

Govebnhent of India. 


Loweb Pbovincbb.— Report cm the Revenue Survey Operations of the Lower Provinces 
t , from lat October 1870 to 80th September 1871, (1872), flso*. 


Calcutta. 


Govebnhent of Bengal. 


Nobth-Westbbn PaoviNOBS.— Oensus of the North-Western Provinces, 1872, VoK II, 
Provincial, Divisional, and District Tables and Appendix A., 
(1873), flsc., Allahabad. 

Govbbnhbnt of N. W. Pbovinoes. 

„ Report by the Board of Revenue on the Revenue Adminis- 

tration, North-Western l^vinoee, for the revenue year 1871—72 
ending 80th September 1872, (1873), flso., Allidiabad. 

Ditto. 
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TUdeo if Booh. J>onors. 

Baxatza*-— N otulen ran de Algemeene en Bestuiinh--Yeigad0iiiigen van het Bataviaaacdi 
Oenootid^ap van kaiiilan en W?tmobai^i Peel Yllli 
»o«, 1—2, (1870), 870., Batavia. 

Botaii Sooi^tt of Batavia. 


TydschriA voor indieche Taal-Iiand-en Yolkenkande, 8th Sexiee, Peel 1, 
Afl. 1—6, (1869), 1870, 870., Batavin. 

Ditto. 


Bxblik.— M onatsberioht der kSnlgliohen PienanaohMi Akademie za Y^ssenBohaften, Feb- 
majp <8 wiwbeiii), Jlazobf— Apnl^ (1878), 8vo., Berlin, 

BqTal Aoadbict of SciEiroBS. 

„ Zeitschrift der Denteohen Qeolojj^behen OeseUBchaft, Band XXIII, heft 2, and 
Band XXIY, heft 3, (1871-72), 870., Berlin. 

Thb Society. 


BBXTBXIiIiBe.^Aoaddmie Boyale de Belgiqne. Centime AmiveiEpaire de Fondation, 1772 — 
1872# Vole. I mi II, (1878)# 8vo., BnytelleB. 

Boy. Acad, of Soibbcb, Bbloiuh. 




Annuaire de TAceddmie Bojple dee Soiexieee, Ao., de B6lgique« (1872^1873)^ 
870., Brazellee. 


Ditto. 


BoUetin de rAoaddmie Xtoyale dee Soienoee de Belgique, Ycda. XXXI*^XXXI Y, 
(1871—1872), 8vo., Bra^elles. 

Ditto. 

MdmoireB CouronndB et antres MdmoireB, Yp). XXII, (1872), 870 ., BruzeUeB. 

Ditto. 


„ MdmoireB de I'Aoadtoie Eojale des Scienoes de Belj^que^ Yol. XXXIX, 

(1872), 4to., BrozelleB. 

Ditto. 

Caloittta.— J oqmal of the Adatio Sodety of Bengal, KW Series, Yol. XLII, part 1, 
Ko. 2, and part 8, 2Io.^8, (1878), 870., Calcutta. 

Thb Society. 

„ Pireoeediiiie of the Aaiatio Sodety of Bengal, Nob. 6—8, ( 1878), 870., Cdontta. 

D|n)^. 

„ Beoorda of ^ Oodiogiod Biunrey of India, Yol. Yl, part 8,*(1878),. 870., 
Calcutta# 

The Subvby. 

Overdgt over det ko^. d. YidenskaibemeB Sdskabe, 1871, No. 8, and 1872, 
No. 1, (IWi^-^lSf^i 870., Copenhagen. 

- Danish Acadbhy, 

Yidenakabernes'Bddcahe, ^Band IX, Nos. 6—7, (1872), dto., Copenhagen. 

Ditto. 

AdKmon AeedmifP Caaareie Iiepp. Card. Nat Cariosonxm, 
Yol. XXXY, (1870), 4ta., Dresden. 
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TUUb qf Boohs. l>omrs, 

DAiSDiN.'^^SitztisgBbeziohie dor iiAtiirwisiensdiaf^ GeMUBcbaft IsU in Dresden, 
Jfdirg,, 1871, Nos, 1 — 3 and 10-^12, Jahrg., 1872, Nos. 1—3 
and 4n— 6| (1871~'1872), 8vo., Dresden* 

Tbb Isis Socibtt* 

Di 7 BLXK«-«-iro!imsl of tho Boysl Geolofl^ Society of Irdand, New Series, YoL III, pt. 1, 
(1871), Svo., Dnblin. 

Tas Society. 

SpZNBUBaB. — Proceedings of the Boyal Sooietj of Edinbnxgb, Yol. YU, Nos. 82 to end, 
(1672), Syo., Edinbnigh. 

Ditto. 

I, TransactionB of the Boyal Society of Edinburgh, Yol. XXVI, parts 3—4, 
(1872), 4to., Edinburgh. 

Ditto. 

FlobbeoE. — ^Bollettino B. Comitato Geolog^co d’ltalla. Nos. 5^6, (1873), 8vo., Florence. 

Thb Geolooioal Society oe Italy. 

Glasoow.— 'P roceedings of the Pbilosc^hical Society pf Glasgow, Yol. YII, part 3, and 
Yd. Yin, part 2, (1871 and 1873), 8vo., Glasgow. 

The Society. 

Gottikoen.— A bhandlungen der Kdnigliohen GeseUschaft der Wissenschafben zu Gottingen, 
Band XV, (1871), 4to., Gottingen. 

The GoTTiNOEir Society. 

„ Nachrichten von der Kdniglichen GeseUschaft der Wissenschaften zu Gottingen, 

(1870),8YO.,G5ttmgen. 

Ditto. 

KoNiasBEBa.— Sohriften der kdniglichen Phyiikalisah.-^koinmii 0 dieD, Geedlschaft zu 
Konigsbeig, gahi|f, Xi, Abtti. % (1871), 4to., Xonigsbeig. 

Litbbpool.— R eport of the British Association for the advancement of Sdenoe, (1870-71), 
8yo.» Idverpoblt 

The Absociatiok. 

Londoe.— B ritirii Mnsenm. Gbay, J. E.— »Hand-li8t of the specimens of shield reptiles in 
the British Museum, (1873), 8vo., London. 

The BBxnsa MiTsims, 

„ British Museum, Wazob, FBiiircus.— €ataiogae of the specimens of Hemiptera 
Hetezoptera in the Cdleotion isl the British Museum, parts 
YI— YII, (1878), 8vo., London. 

Ditto, 

„ Journal of the East Xsdia AMocistioB, Yol. VII, No. 1, (1878), 8vo., London. 

Tbb Association. 

„ „ „ R(^ Geogiaphkd Bcriets^ Yds. Zti & XU, (1870-71), 8vo., 

London. 

The Society, 

,,, Proceedings of the Royal ^Goojgmphical Sooidgf', Yol. XV, Nos. 2 — 3, Yol. XYI, 

Nos. i-4t * Yd. XYII, No. laitii'l-TS), 8 to., London. 

Ditto. 
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Titles <if Boohs* Bomts, 

IioiTDOV.— *Joumal of the Bojal Aeiatic Society of Great Britain and Ireland, New Series* 
Vol. VI, part 2, (1873), Svo., London. 

The Society. 


*• 


9* 


Philosophical Transactions of the Boyal Society of London, Vol. 161, part 2, and 
Vol. 162, part 1. With List of Fellows of the ^iety for 
1871, (1871-72), 4to., London. 

Botal Society, London. 


Proceedings of the Boyal Society of London, Vol. XX, Nos. 137 — 138, and 
Vol. XXI, 139—143 and 146, (1872-73), 8vo., London. 

Ditto. 


Boyal Society’s Catalogue of Scientific Papers, Vols. V— VI, (1871 — 72), 4to., 
London. 

Proceedings of the Boyal Institution of Great Britain, Vol. VI, parts 3—6, 
(1871-72), 870., London. 

The Institute. 

Quarterly Journal of the Geological Society, Vol. XXV HI, part 4 and XXIX, 
parts 1 & 2. With List, (1873), 8vo., London. 

The Society. 


„ Bay Society. A Monograph of the Gynmoblastic or Tuhularian Hydroids, (1871), 
Boy 4to., London. 

MeZiBOUBNE. — Transactions and Proceedings of the Boyal Society of Victoria, Vol. IX, 
part 2, (1869), 870., Melbourne. 


Boyai Society, Victobia. 

Minneapolis. — Constitution and Bye-Laws of the Minnesota Academy of Natural Sciences, 
(1873), 8to., Minneapolis. 


The Acadeuy. 

MoNTBBAL.-*GeologicaI Surrey of Canada. Beport of Progress for 1871—72. With List of 
Publications of the Geological Surrey of Canada, (1872), 8ro., 
Montreal. 


Gbolooical Subyey, Canada. 

MoscoD.— Bulletin de la Soci6t6 Imp6riale des Natnralistes de Moscou, Vol. XLIII, 
Kos. 3—4 XLIV, Nos. 1—4, and XLV, Nos. 1—3, (1871-72), 
Bvo,, Moscou* 

Imp. Soo. Nat., Moscou. 

„ Kouveanx Mdmoires de la Soci6t6 Imperials des Naturalistes de Moscou, Vol. 
XIII, Hrr. 3, (1871), 4to., Moscou. 

Ditto. 


MQirxcs*— Annalen der Xdniglichen, Stsxnvrarte bei Mun<di|eB» Band XVIII, (1871), 8to*^ 
Miinohen. 


^ Boy. Bavabun Acad, of Sciences. 

IBitinipgBberiehte der mathematisoh— pl^ysikalisbhen Claue der k, b. Akademie der 
Wissensohsftan eu Mtinchen, heft 1— % (1671), 8ro., Miinohen. 

Ditto* 
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qf Soohi^ Boims, 

M&iracB*«-Snpplmei»^Baiid sn 4«r Anutfen der Miuicheiier St^mWAHe* Yol XI, (1871), 

IjtiirushMi* 

* Bot. BAfASUF Acad* of Soiffcss. 

„ pb A«%ibe des CbemiMdiMi Vutoridbiti, <lS7I)i dio., Munoben. 

Dim. 

AIdUKOAoIi dcF k. b, A)cad«iiii2e der Wisseiiseliafleii far 1871, (1871), 12mo«, 
Mdnohdai, 

Ditto. 

NBiJOBAm*^Bi|lletin da U Socidtd des 8denoes Natnrdles de ISencbatel, Yd. IX, part h 
(1871), Sto., Keadiatel. 

Tbb Sooistt. 

N«W Toiuc. HatDVK, F. Y.«-^8tm iBetor^a of Bocky blouDtam Scenery, (1870), 4to., 
Kew York, 

F. Y. Hatdif, XJ S Gbolooical Sdrtbt* 

„ Hatdbf* F Y.— United States Geological Survey of the territones, profiles* 
sedioos and other illostraiioDS, (1873), 4to., New York 

Ditto* 

Kbw ZBA]iAFD*^-«Geologioail Sarv^ 6f Kew Zealand. Eeports on Qedogical Explorations 
dnrmg 187Q-71 and 1871-72, (1871-72), 8vo*, Kew Zealand. 

Trb Scbvbt* 

„ Hsctcnti, JAMSB.-M^ataldgue of the Whales and Dolphins of the Eew 

Zealand Seas, (1870)» Sfo., New Zealand* 

Ditto. 

Bbotob, Survey of New Zealand Sixth Animal 

Beport on Cblo^dSt Museum and Laboratory, together with 
a of donations and deposits during 1870*71, (1871), 8vo., 
NewZeiOff^, 

, Ditto* 

„ Hbotob, JAlcts^rrMjSiSdJdogicel Beport for 1888 to 1870, (186^1871), 

8v6s,NeiirjSea£nid* 

Ditto* 

M Button, F. Wr^^SMidegne of the Kids of New Zealand, with Diagnoses 

of the Spedes, (1871), 8 to*, New Zealand 

‘ Ditto. 

I? 

. W.--Oi4ilogOe of tbe BeUnod«n«te of Iff, Ztabnii witii 

, Dii^awi,. laiio e^wSw, (I87g), jSh» fT i W i M 

IteRo* 

„ UxsvxOSt F. W.x.'CofcfoUll tfuMOiii m»A Q«tog}oaJ[ Smtif D^partawnt, 

HiIm. of TSvif SMwid. Wiib 9n, Nev 

2Mi]a&d. • 

n ^ 

„ Hvnoir, CmbmJ* F. tfce (SlwgnqftliMl Rlilioiw of ti»e New 

ay*)« M<nd. 


. f' 'f I 
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titles of Books, 


Donors, 


Pabis. — ^M^ moires de la Socidtd Gdologiqne de Prance, 2nd Series, Tol. IV, Nos. 1 — 3, 
(1869— 1872), 4to.. Paris. 

ThB SOCIBTT. 

„ Bulletin de la Soci^td Qdologiqne de Prance, 2nd Series, Vol. XXVllI, Nos. 8 — 6, 
XXIX, Nos. 1—3, (1871—72), 8vo., Paris. 

Ditto. 


Philadelphia. — Journal of tbe Franklin Institute, 3rd Series, Vol. LXIV, Nos. 4—6, 
Vol. LXV, Nos. 1—4, (1872 — 1873), 8vo., Philadelphia. 

The iNBtlTUTE. 

Proceedings of the Academy of Natund Sciences of Philadelphia, 
Parts 1 — 3, (1871)f 8to., Phiiadelx>hia. 

The Academy. 


St. Paul,— Annual Report of the Board of Regents of the University of Minnesota for 
the fiscal year ending November 30th, 1872, (1873), 8vo., 
St. Paul. 

Govebkmeet of Mikhesota. 

Stockholm. — Eongliga Svenska Vetenskaps<-Akademiens Handltngar, New Series, Vol. 

VII,' heft 2, and Vols. VIII-IX, (1868-1870), 4to., Stock- 
holm. 

Royal Academy of Sciehgb, Stockholm. 


u 


n 




Lofnadsteckningar ofver kongl. Svenska Vetenskaps-Akademiens, Band 
heft 2, (1870), 8vo., Stockholm. 


Ditto. 




Meteorologiska sakttagelser i Sverige, Band IX— XI, (1867 — 1869), 4to., 
Stockholm. 


Ditto. 


Minnesteckning ofver erik Gustaf Geijer af P. P. Carlson, (1870), 8vo., 
Stockholm. 


Ditto. 


Qfverrigt af kongl. Vetenskaps-Akademiens Forhandlingar, Vols. XXVI— 
XXVII, (1870-71), 8vo., Stockholm. 

Ditto. 


,* Sveriges Geologiska Undersokning, Nos. 42—45. With 4 maps, (1871), 

8vo., Stockholm* 

Bubeau Rbcheb. Geol. Suede. 

St. PsTEBaBUBOH.— Bulletin de TAcaddmie Impdriale des Scienoes de St* Petersburgh, Tome 
' xari, Noa. I--6, xvn. Nos. 1-3, (1871), 4to., St. Petersburgh. 

biFBBXAL Academy of Scienoes. 


iftmoixes de TAcaddnue Impdriale des Sciences de St. Petersburgh, 
'' ' 7th Set., Vol. XVIJ, Nos. 1-12, XVIiI,Nofl. 1-7, (1871-72), 
^ 4to., St. )?ete]:Ebn|^h. 

' - Ditto. 
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''LUrary. 


lOS 


J}Uie* tf Bootes. EECORI Donors, 

St. PjiTSBfiOTBOH. — zur Kenatfxi^. Jfwizohea Beidbes and der angrenzenden 
Lander Asiene, wi<ih ^ Bmid 1, (1839)» to XXYl, (1871)» 
(1639U71), Svos, m. Petereb^h. 

Ijcpbbxal Aoadbicy of Sciencbs. 

Tobino.— Atti delk B. Aocademia delle Soienze di TorinOi Vol. YU, Nos, (1872), 
8vo., Torino. 

Botal Acad, of Scibncb, Tubik. 

„ Bollettino M^t^rologico ed Astronomioo del Begio. Osservatorio dell' Universita 
di Torino* Anno Yl, (1872), oblong 4to., Torino. 

Ditto. 

Yienka. — J ahrbnch der kais. k5nig* Qeologiscben Beicbsanstalt, Band XXII, Nos. 3-^, 
and General Register, BEnde XI— XX, (1872), 8vo., Yienna. 

The Yibeva Institutb. 

„ Yerkandlnngen der kais. kotn^. G^lqgiscben Beicbsanstalt, Nos. 11 — 18, (1872), 
870., Yienna. 

Ditto. 

„ Denkscbriften der kais. Akademie der Wissenschaften, Band XXXI — XXXII, 
(1872), 4to., Yienna. 

The Yieena Academy. 

„ Sitznngsb^cbte der kais. Akademie der Wissenschaften — 

Band LXIl, Abtb. I, heft 3—4, Abth. II, 4—5. 

„ LXIII, Abth. I, heft 1—6, Abth. II, heft 1—6. 

„ LXIY, Abth. I, heft 1—6, Abth. II, heft 1—6. 

„ LXY, Abth. I,' heft 1—6, Abth. II, 1—6, Abth. Ill, heft 1—6. 

With Register LXI— LXIY, (1870—1872), 8vo., Yienna. 

Ditto. 

Washieotoe.— Haydbe, P. Y,— Preliminary Report of the United States Geological Shrvey 
of Montana and portions of adjacent territories, (1872), Svo., 
Washington. 

P. Y. Haydbe, U. S. Geological Subvey* 

„ Haydbe, P. Y. — Pina) Report of the United States Geological Surr^ of 
Nebraska, (1872), 870., Washington. 

Ditto. 

„ Haydbe, P. Y. — Supplement to the fifth annual report of the United 
States Geological Surrey of the teriitories for 1871, (1872), 870., 
Washington. 

Ditto. 

f, Thomas, Fbof. C.^Liste of elevations and distances in that portion of the 
U. B. west of the Mississippi River, (1872,) 8vo., Washington. 

,# Ditto. 

Welliegtoe.— Hibc^ob JAMB 8.-^Phormi¥aii TenaA as a fibrous plant, (1872), 8vo., 
WdUni^i . 

The Geological Scbvey of New Zballep. 
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J?eolw. 

1lj yT.ti« ^«»»^gOCTO», g. y.— <?«*^ique a^r 
irajMactioM BndftooeedingB of 

ISbx IkbhtotBi 


\\W: ' Al®5r3)i 

'•P':. * , ' 

' /Zbalakd. 


8vo., WellSngtono 


•^KOHAMAB-Mit^ <3k»eWi(^aft V nnd tSlkerfomde 

YoKOff A- ^ Oitoiens, Heft. 1 Mai, (187B)/flBC^^ _ 

Thb Society. 

ZfiaicBv— ifenjatoblatt Ton dor N^tarfonwhenden ae^h0i,,No.. 78-H (1871-72), 

* lfA.t1TBi.L HmTOBT SoOIOTT, ZBbIOH. 

T«rteKal»T8«hrift der Naterfowohenden Oesellacbaft in Zarich, Jalirg. XV, 

^ ^ ^ (1270-71), 8vo., ZnnA. 

Ditto. 


lOemOetoberWi. 
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Trb Arbi? bboub Rooks ob thb Darbai. Hills^ Dhabwab Di8Tbict» B E Footb« 
R Q. Sm QeohgusiU Swreey qf India 


It had long been known that the sands of Barions streams taking their rise in the 
Dambal Hills oontabi gold; but the sonrces whieh this stream-gold was derived were 
not positively determined, and it was with the object of settling this pomt that I was 
offichdly deputed to visit the hills in question at the close of last field-season. 

The results of my examination of that region show that one sonroe of the gold is to be 
found in at least one auriferous qoulB ree^ which will be described further on. 

Stream-gold is known to occur idso in several oSier places in Dharwar and Belganm 
Districts^ but, as far as I could ascertain, in much smaller quantities. One locs]^ty in 
the Kuladgee district is doubtfully reported as auriferous* These occurrences will be again 
referred to. 


The Bambal Hills are situated in the Qudduek Talook, some miles southp 80 uth<«ast of 
the town of Gudduck, and are locally known as the I^- 
^ patgode, being so cidled after the temple sacred to Kappat 

Ewara, which stands on the western flank of the main hill, in long. 75** 45' east, and lat* 
16'’ 13' north. They form the northern part of a belt of elevated ground ejctendhig in a 
single or double ridge nortb>north*west firm HarpnnhnUy, in Bellary District, across the 
Toongabadra to Bingnd Kuttee, 8 miles west of Gudduck, where the ridge smks into the 
great, black, regnr-oovered plain of Dharwar* The Kappatgode itself forms the highest 
part of the ridge, which thm rises about 1,000 fbet over the surrounding oountvy in B hold* 
steep mass, whose flanks, though bare of jungle^ are much obscured by ddbris, and during 
the rains well covered with long leinon^grass. 


The rooks which form thii ridge and all the adjacent Country for many mOes aronnd 

W«»gtotteg»ertKnMi*ft»rt«*limrf 

lum Em bean mlgeeted te imatwuw 4iiMMaaM, pw 
ducing great ccmtorUons and fractnres, Sind in parU a much ipceater degree of metamofpldBm 
than is usnally met with, whkh adds greatly to the diilScuUy onrav^ng the very obscure 
stmtigmphieal lesflnres of these hilk A complete lohitimi of these stratigraphical 
obscurities will only be obtained by extendiiig the survey both north and soath of the ami* 
ferous tmet, to which alone t cimflned my atientiott, m my tiine was limited and moremr^ 
much eneroMked upon by Sequent heavy mhi4tonns. tamiidiately north of the Ei^t* 
gode Bills the oonthmity of the ndge Is broken hyacroeitaE»y rimningnearlydtme^^ 
and west, mrilopiiimgbto the This rulley ie drained 

by ilw]Mi 0 idntdleh,wli^ the fteat btonhsl tmdi^ whence ite watem eT«ntur% 
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drain into iiie Toongabadra. On tbe south side of this valley the hills widen out consider- 
ably owing to the presence of a third ridge, but eontroct again to the sooth of the 
ICappatgode. 

The ridge in its northern part, lying beyond the gold tract (where it is single and iU 
iK- -14 - stmetnre quite simide) shows a double series of hsematite 
^ totJ»l«tod between ohloriUo u>d other 

srilisis of great thickness* which to the east touches a broad band of highly silicious and 
often granitoid gneiss* on which stands the town of Gnadnck. I found no section showing 
the exaot relaticmsof these two series ; hot it is most probable that the granitoid series, which 
may conveniently be called the Qnddook series, overlies the chlorotic and ferroginous beds* 
On reference to the map accompanying these notes, it will be seen that further south a third 
hssmatite schist band appears at a still lower level, also accompanied ohloritic, homblendic, 
and mioaceons schists^ and bends round on itself in a sharp carve immediately north of the 
Kappatgode, thus forming an anticlinal ellipsoidi which is crossed by the road running feom 
Dambal to Soorioor. To this series 1 will give the pame of the Dhoni series, from the 
village of Dhoni, which stands on it. This series is noteworthy, because containing several 
pftportantbeds of grey and greenish-grey oiystalline Hmestone of considerable thickness, which 
would yield a building stone of great beauty and ezoellenoe, and &r cheaper to work than any 
of the granitic rocks of the neighbourhood. If pure enough to yield good lime on baming^ 
it would prove of great value in the event of the railway extension between Bellaiy 
and Hoobly being carried out, through a country otherwise poor in limestoned. The 
principal beds lie in two groups, the one 2 miles north-west of Dhoni, the other 3 miles 
wesi-south-west of that village. Overlying this to the westward are other hmmatitic beds, 
the representatives doubtlesa of those before named, if not, indeed, the extensions of tbe 
same. As these beds form tbe mass of Kappatgode Hill, 1 will call them, and their more 
northern ropresentavtives, tbe Eappatgode aeries. The character of the associated schistose 
beds Bks changed, however, from chloritic to lA^llaceous, and tbe predominant color of the 
rooks &om green to reddish buff or mottled whitish. Owing to the g^at development 
of cleavage, the true dip of these argillaceous schists is in many places perfectly obscured, 
and their relation to the rooks next following them to the westward very problematical. 
This next series consists of ohloritic (|pd homblendic schists, intimately associated with 
a massive dioritic rock. This dioritic rock, though in parts strongly resembling some 
of the diorites forming the trap-dykes* winch occur so frequently in the gneisric regidh, 
does not appear to be an irmptive rock, but rather a prodnet of excessive metamorphism. 
The schistose rock appears to pass by imperceptible graduation into the highly ciystal- 
line mae$. Nowhere did 1 find Ihe two ^ssimilar rocks in dose apposition* but every- 
where some feet or yards in thidmess of rock intervened, diowing the graduation of tbe 
spedal diaraoters. This series, whidi I will esU the Soortoor series, after the large village of 
that name, at which the prindpal gdd washing is carried out, occupies a band of country 
some 4 to 6 miles broad, which is bounded to the westward by a band of granitoid gneiss of 
undetermined breadth. The poeitioii of this granitoid band (which may be called the 
Blodgoond swie4 relatively to the Soortoor series is uneertaia; hut it is probable that the 
Mlar series is (he youi^r of the two. 

All tbs Streams said by the natives to be aunferons rise witidn the limits of the tract 
oMpM l^the Soortoor series; and the oppbr course of the Soortoor nultab, the ridiest of all, 
WSanljr irithih the am*V>cett|^ by the psendo-diorite, and aasodated ohloritic schists. 

occur in all the loric series above enumeiatcd* but those tyfeg within the 
lOnirtit til A ll a thi mmrinni tetiM. ^ ^ SoortooT Series are the best defined, and* with 

a few have the most promising lie* their direction 

hflng OMsMy )tSorth-^y*weat, sotilh4iy«eaft, or parallel hi the strike of the bedding, Tbe 

j JilirSiUM mV eh* vuiiliuillifM] rafifik ha* h*Aki UniUih hflVklrAn ni% *lAitlkflA«iilir hv tinAhl-fliMllEAm. 
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Foo/e : J^ri/ihf^oHS M0eti ^ the JOantial Silh. 

The quartz reefz occurriitg iu (lie otlior miez oire mostly veil deSited, and, with two 
or three exceptions, run in different direetions. Many rtui in the Hoes of strike of the bed* 
ding, but many cut across it m rariomi diveorions. 

The most remarkable quartz reef in the whole ain^feroas traet, hud the only one from 
whkli I succeeded in Obtaining |^ld, lies about a quarter of 
^ eastern boundary of the Soortoor series, 

’ ' on the eastern slope of a ridge lying north-west^by^north of 

Huttee-Kuttee, a small village on the road between Dambdi and Soortoor, This reef, which 
runs north-by-wost, south^y-east, lies in the line of bedding of a series of rediUsh £errogtno« 
argillaceous schists with dloritic bands, both containing numerous oubical crystals of pyrites 
now converted into limonite by pseudomorphosis. The reef is rather, less than half a mile 
in its entire length, and only in a small part of this is it a well-marked vein. Both the 
southern and northern extremities are very irregular, thinning out to a mere thread, or a few 
parallel threads in places, and then swelling into bunches, to thin out again a few feet fur* 
ther on. The reef does not cross the valley of the Guleeguttee nullah to the north, bKIt 
thins out and disappears on the side of the ridge. The quartz is the ordinary dirty wUW 
variety, and includes a few little scales of chlorite along the lines of jointing, together with 
oc^ionid cubes of pyrites, which, like those in the schists, have been psendomorphosed into 
limonite. Parts of ^e quartz are ferruginous, the impure, oxide of iron occurring in strings 
and lumps. The specimen of gold 1 obtain^ here b imbedded^n such a ferruginous string. 
Though very small, it is quite recognizable, and shows a great resemblance to various pieces 
of stream-gold obtained by washing. It is of a very rich color. The piece of quartz con- 
taining it lay among the ddbris, beside' the top of the reef at its highest part, where it has 
been much broken up by gold-seekers, by whom irregufar mining operations have been carried 
on along the course of the reef. ‘Much of.it kas been completely broken up, and the hill 
side thickly strewn with fragments. Three rude sinkings hardly deep enough to deserve the 
name of pits, and a considerable length of shallow trenching along th^ course of the vein, 
remain sUU vbible. Besides these, there b an old pit sunk on the east side of the wall-like 
part of the reef some little distance down tiie slope, prohaMy with the object of ascertaining 
the continuity in depth of the reef. This seems to have been sunk by some one hairing 
more advanced ideas than the authors of Ihe diggings on the back of the reiff i but I could 
ascertmn nothing oerhun or satisfactory as to whose work it had been. To the north-west 
of the reef a number of little short vrins and hunidies of quartz, ^jhad been attadeed in 
shallow trenches, and had had their sur&ces knocked to pieces by the same peopb, who were, 
according to my guide (a coolie from the village of Dindoor), a company of native gold- 
smilhs who lived in the now totally deaertsd village of Guleeguttee (Kubun Kutkattee of the 
Revenue Survey Map). These wcvks had been carried out at scmie period prior to any time 
within the memoiy pf my informant, < The pateb of Dhoni end Soortoor and others, of whom 
I enquired eonoerning these diggings, either could not or wouhi not give me any information 
about the pec^e by whom they had been made. I am rather iiudiiied to suapeet tkat the 
pit last mentioned was sunk the Manager of aGold Company, whbh wan up during 
the Boikihay share mania, and whkdL Cbtnpaiiyi under the guida^ ^ jU,.praetkn4 Austmlian 
minm;, sunk a lakh and a half of rupeea search for ao 

returns but a few email nuggets of gold, irnt de^. ^ by tiiie 

judicious manager to allay the anxiety in tlfo rimrebolders* aii^ till a .eOnvenbnt season 
eame % him te dbappear wMhbut having a^ W The only positive 

tracedf hb proceeding whbh 1 cmeupc^'^iwfaeaid of wm a piih^i^ 15^f^ 
on the south ride of a kerf Mriagiog fo anothei^ south of the viQagu 

of jbhoni. > ”■ ' '' V ■ ' i 
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The Hnttee-Kuttee reef is about 5 feet thick on the average, where wdl-defined and 
wall-like. The strike, as before-mentionedi ia north-by-weet, south-by-eaet^ with an easterly 
dip of ih>]n 40" to 50". Much of the reef has been broken down, but a length of about 35 
yards reinains like a oyolopian wall, and forms a very oonspiduohs landmark from the east. 

The only other reefs deserving separate mention form a group lying about a mile to a 
Befifh in the Dhoni urifiB ^ half south of Dhoni village, on the north-east 

flank of the Kappatgode mass. Unlike the reefs already 
referred to, the reefs in this group consisl^ not of ordinary milk-white quartz, but of a dis- 
tinctly bluish or deep grey diaphanous variety, with a varying amount of enclosed scales of 
white or pale mica. These reefs may, according to their coursesfbe assigned to two subor- 
dinate groups, of whii^ the one was north-west by south-east, the other north-east-by-east, 
south-west-by-west. l!he members of the latter sub-jgroup are much the best defined, and 
form dyke-like veins 5 to 6 feet wide and from 40D to 60D yards long. The other set, 
lymg on the east side of the small stream, which flows from the north-east side of the 
Kappatgode into the Dhoni nullah, a little east of the village of Dhoni, are less well-defined 
Ipdns, but of considerably greater length than the former. 

None of the reefs in the Dhoni series run in the lines of bedding of the chloritic, hom- 
blendic, and micaceous beds they traverse ; but there are a very large number of bunchy 
strings of quartz of the ordinary milky white variety which run in the lines of both bedding 
and cleavage, but all of a size far too small to show on any but a very large-scaled map. 
These, as well as the diaphanous quartz reefs, contain remarkably little iron oxide ; the super- 
ficial staining they show is due mainly to the decomposition of included portions on the 
surrounding rook. ^ 

The remaining qnartz reefs noticed in the anriferons tract on the east flank of the 
l^ppatgode, on the west flank of the ridge running north and north-west from the Kappat- 
gode, and in the valley to the north-west of Dhoni village, are all of the ordinary variety of 
qnartz running morl or less in the strike of the bedding, and presenting no noteworthy 
pecuHarify. As in all schistose rooks of the ordinary types, an immense quantity of free 
qnartz occurs throughout their mass, iu the form of laminae, strings, bunches of all possible 
sizes. It is from these, rather than firom the ddbris of larger veins in reefs, that the innumer- 
able lumps of quartz covering the face of the country generally are derived. As the country 
is in most part utterly devoid of any vegetation except grass, all the larger occurrences of 
quartz are conspksuous^bjects in the landscape, need but little searching Sor, and are easily 
prospected. 

The almost ^variable association of gold with the different sulphides of iron, lead, 
copper, Ac., in quartz reefs, is well known; and hence 
In willed a sDlpbidtt was in prospecting the reefs 1 have before referred to, 1 paid 
gr^ attention to the indicatioha of the presence or absence 
of sulphides, besides searching for metallic gold. In only three did 1 obtain positive evi- 
d^ce of the existence of a sulphide-^the stdphide of iron— in the form of cubical pyrites. 

three were the Huttee-Kuttee reef and the two parallM teefs to the eaat of Veidcatapoor, 
hut the himib^ of uudbsed crystals is in each case very small. It is largest in the Huttee- 
JSmitm tesf. of the in the diflbrent reefli is what the AustraKan miners 

call ** mouse ealen thah Is^ . M of cavities fbrmed by the weathering out of 
t substances which had been entdosed. In the great majority ^of oases it was 
) of the cavitiea left timt the enoloeed minerals had been chlorite or hom* 

bl^de^ wore <y)iiosl» In one reef in tiie Dhoni group I noticed some 

eavities, pr^tdiily due to the reiii|oval 6f endosed (uystals of aalcBpar. 
.Fine gc^ & stldi cavities in really aurilferous reofii in Australia 
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Foote: Auriferoue M^oke of the Dambal llilU, 

and elsewhere; but none was met with here. 411 the ree£e observed lie above the surface 
of the surrounding eouutxy, and have hei^ been moi^e exposed to weathering influences, 
which mig^t account partially for the absenoe of sulphides in the reefs, but which will not 
account for the absence of th^eharacteristio cavities they should have left behind. 

From the great paucity of sulphides a proportionate paucity of gold is to be reasonably 
inferred in the ree& of the Kappatgode area. 1 must have broken off several hundred pieces 
of quartz while prospecting, but not one contained any visible gold ; while that found loose 
at the Huttee*Kut(ee reef contains but a ver^ small quantity-^ mere speck. A number 
of carefully selected samples was brought away from the most promising looking reefs, tq 
ascertain whether they contain gold in so finely divided a state as to be invisible to the naked 
eye, which is frequently the case in Australian and Californian reefsi ^ These were assayed at 
the Calcutta Mint through the kindness of Colonel Hyde, and in the Survey laboratory by 
Mr. Tween, but none of them yielded any gold* 

Even if the reefs were moderately auriferous, the pioneers in mining operations would 
have many serious difficulties to contend against ; the ^stance from the coast, and at present 
from any railway, would make the setting up of machinery very expensive. No timber cr 
fuel of any kind is obtainable except at very great distances, and water would be very scarce 
except through the lainy season. 


Qold-washen called Jalgars. 


AiiLuvixl Gold. 

The washing for gold in the sands borne by the various streams flowing through the 
auriferous tract is carried out by a class of men called 
Jalgars, and they are now very few in number compared to 
what is reported about them in former years. 1 could only hear of three, two of whom 
were at Soortoor, and the third lived at Seerhuttee, in the Sangli Jaghir. I obtained 
the services of the two former, and made them wash for me in the Dhoni, Sooi'toqr, 
Jilgerree, and other nullahs on the west flank of the Kappatgode. Of these nullahs, 
the Soortoor nullah was by them stated to be the richest, and this statement wm fully 
borne out by the results obtained when washing there in my presence. Next in pro* 
ductiveness eame the Dhoni streamy but the yield was greatly smaller, and hardly enough 
to remunerate them for their labour. In the Jilgerree nnll^ they got a yet smaller 
return ; and in t^ other nullahs, iuoluding that at foot of the Kappat Iswara ravine, only 
a very few exceedingly minute spangles were obtained, just sufficient to show that gold was 
not entirely absent from the detrital matter. 

The plan pursued by the Jalgars when I let them follow their own devices, was to take 
• 1 P«rt of the btest flood deposit fiom the rocky 

or Clayey bottom of the nullahs, not from the deepest part 
of the bed, but from the point at which a strong length of current slacked off, owing to a 
change in the direction of the stream. Another favorite sort of place from which to ooHect 
* wash-dirt,’ was the small alluvial terrace between the water at low flood level and , the present 
ii^high flood leveL From this they cdleeted the fain*washed surffioe, and in the case of the 
wariiings in the Soortoor and Jilgeme nnHah, obtained mu^ br^t lesnlts than from washing 
the material' obtained in fiavorahle positions from pockets in beds of rither nullah. In 
another washing in the Soortoor auHah, the wash-dirt selected was the kunkar crust depo* 
sited on the decomposiiig sur&ce of a band of dUoritio iobist. This was altogether the 
richest wadiii^ made in my presence. Unfortunately the proceeds of this washing were, by 
inadvertence, mixed up with tlte of aaoSier, gdng on at the iniiie time a little farther down 
the nullah. ^ The uniM raults were said hy the Ji^ars 1b he n very good day’s work. The 
aeoond washing was made from a stuff collected at the base of the old alluvium bank| whilh 
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thm consisted of a bed of coarse shingle mixed with clay and fine ferntginous pisolitic gravel 
^ ‘ ^ (a iprbdaot'of decomposition of iron pyrites)^ overlaid by 

* black day followed a second but rather less coarse bed of 
shingle, on which rested the regnr fomung the soil of that parb|of the valley of the Soortoor 
nnil^* The yield of this washing was rather less than that of the last mentioned. For the 
two wadiings 1 had four men at work for three hours at a place of iheir own selection'— their 
favorite plaoe aooordii^ to their assertion ; two men washed and other two dug and carried 
the material to the wadiing plaoe. The quantity of wash-dirt put through the washing box, 
( estimated at li cubio yards, from which the quantity of gold obtained weighs a trifle over 
grains, worth 9 annas in round numbers, at the rate of £3-17-6 for the ounce (troy) 
of gold. 

The method of washing adopted is simple, but might be made more efEective at very 
little expense. The^wash-dirt is scooped up with a small 
rrooeas of was tag. stout, broad hoe with a short handle, and carried in a basket 

or large wooden tray, to the washing ^x, which has been fixed at the water's edge and 
propped up wiih stones to the required slope. The washer sits on a large stone in the water 
close to the side of the box, which is an oblong construction, made of light planks and open 
at one end. It is about 3 to Si feet long, 20 inches wide, and 9 inches deep, and strengthened 
with clamps. A stick of some elastic kind of wood is jammed against the sides and 
bottom at the lower and open end to form a catch. This done, the washer begins to ladle 
water on the wash-dirt, kneading it the meanwhile with the left hand and throwing out 
all the larger pri>bles. The ladle or rather scoop used by the Jalgars was made of a long 
calabash, with one end cut off. It was held by tbe middle, an oblong hole having been cut into 
the incurved side, and a couple of small sticks tied across diagonally to the corners and fixed 
v^ith stringB passed through small holes. The elder man of the two, however, preferred to 
use a tin pot with cross handle, which had'been given him by a former Collector of Dharwar. 
This goes on till a layer of sand has been formed in the box, so thick that the stick at the 
bwer end is no longer a sufiioient catch, and a second stick is jammed in and the washing 
process re-coifimences till the sand layer has risen almost level with the second stick \ both sticks 
am then removed, the washer stirs up the layer of sand with a short, stout piece of wood 
^ then sweeps eveiything into the huge wooden tray held below tho open end by tbe 
assistant, washer then takes the tray, places it in the water, and performs the needful 
and washing, teohnieally Oalled Spanning off,*’ till nothing remains at the bottom 
but fine sand, generally of black color. He then tilts the tray a little^ Snd by judiciously 
dropping water out of his hand on the small layer of sand drives all the lighter particles 
forward and leavm tbe spangles of gold eiq>os6d. This small residue is then collected care- 
Mly by washing down into a hidf coooahut shell, and taken home to be treated with mercury. 

From the shortness of the washing box and the very rude way of stopping the open end, 
and from the evidently careless style of manipulation, there 
oi toariw ooii»5d»Hibk wa»to. Much bettor lesolts would 
. donbtiess be obtuned by' uring a ibox more like the Cali-' 

^ImgTom/* #hidi k geneikliy 13 iongt 29 indfies wide at the top, md widening;!^ 
Inehee htth^ end; besides being famished with variotts ledges to catch any heavy 
iriid^rrote atoki tbe Happatgodegold traot^-tiiat admirable observer^ 
n. a., kheite eaily ikath was so grei^ a loss to t&e cause of scienoe 
I i!ff <^ion fiil ibe-.washing was veiy canriMy and- wastefully 
;'Majiw Superintendent of Folloe in Dharwar District, 

JsJgarS'at wikk.ln the Bhoni'nuUaifb' was, .like myself, much struck 
way in-'u^htheypro^edf^' 1 -find it 
i Md^knd a Mr. ^parentiy a practical miher^ 
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Fooie : Auriferous Socks of the Samhal Ililk. 

'i#* 

wbo wrote in a letter to the Times tf India (qnoted in Balibur^s Cjelopsadia of India, article 
Gold), that he never in hie wholeAiepqpie^enoe met with auch carefnl and effectual waHhing as 
that of the Kappatgode Jalgars, enrpaeiing even the Chinese, who, in Australia, were conai- 
dered perfection in that respect. 


The Jalgars ply their trade of gold washhig only after heavy rainls, and,, as the Soortoor 
^ ^ , men informed me, for one month in the year, during which 

no agticultural operations are in progress. Their earnings 
are very various, and range from 5 to 60 rupees in a season «p!ece. Th^ affected not 
to know of any gold in nfa, and told me 1 was wasting my time in prospecting the quarts 
reefs. As it might be an idea of policy in their minds to keep to themselves as mnoh of 
their knowledge as they fancied convenient, it would not be safe to attach too much evidence 
to their statements but that they were home out by the statements of the patels of Dhoiri 
and Soortoor, and numerous other villages, whom I questioned through Major Bartholomew, 
who kindly acted as my interpreter to the Ganarese people. The same information had 
been given me by the mamlatdar of Chikkodi, in Belgaum District, a shrewd Brahman, who 
had been for a considerable period the mabalkare of Moolgoond close to Soortoor. The 
mamlatdar of Gndduck also confirmed the information 1 had previously obtained. 


Captain Kewhold, in his resumd of information about gold tracts, published as No. 4 of 
his papers ** On the Mineral Resources of Southern India,** speaks of the hanks of the 
auriferons nullahs* being crowded with Jalgars after, heavy rains — a very different state of 
things from what now prevails, and from which it may he inferred that the yield of gold has 
greatly diminished. It is very likely that such is the case ; but another cause which has 
had great influence in diminbhing the number of gold-washers may, I think, be found in the 
greatly increased prosperity prevailing in Dharwar District, since the American war created 
such a demand for cotton that immense wealth was poured into the district and gave a strong 
impetus to all sorts of other and more certain industries ^hioh have absorbed the great 
number of half idle meu, who in former years devoted themselves to gold hunting in the 
rainy season. 

Another writer pn the Kappaigode gold tract— the Mr. 9cholt, already qnoted-^formed 
a veiy low estimate of the alluvial gold return. According 
Koid!’^**^^* *'^™*^^*^**'***'”^*** to his letter ta the Times of India given in 

Balfour's Cydopesdia, be confidently stated that the alluvial 
deposits would nevedr pay, as the deposits in which the gold occurs are confined to a few 
insignificant nullahs and blind water-oonrses ** occupying the slopes and, flats, the bed-rook 
in every case being exposed more or less, denoting a veiy scanty supply of wash-dirt, the 
native gold-washers (a very limited body) exmfining their operations to a stratom not ex- 
ceeding 5 inoheii in depth. Twelve days' work at Soortoor yielded to Mr. Sobolt from 2 to 
3 rupees worth of gold (about a peimywdght). 

1 have already mmitioned that the Jalgars did not tiy to get wiiish-diii from deep pockets 
in the beds of the streams, the sitnations generally found most pi^qetive in the Australian 
and Californian gold waitings. It was impossible to try the most pibmisliig places in the 
several nullahs at the time of my visit owing to the eonatimt heavy rains. In the 
dry weather they mjght, however, -be excavated by damming bafdc the little streamlet that 
would iJone remam tb^Q* ond by simply baling ont the hollowei but very little water would 
.bq^mi available &r walkings The probabjOSty Is that a little more gold would J>e found, 
but that as that operation has doubtless, been carried out in ftemer times by the natives 
themsrivesr im wondwfuUy ri<di pockets wm^^ found to tmty, expenses; for it must be 
borne in mijjl that tbs inhabitantB of the JE^jpatgode not ignorant savages like 

the Australians, who did hot know Gw v4he of the prerion8;i»etal. * 
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Tbe annual outUim ot Wufth gold from tbe Soortoor, Hurtec, and Dlioni nullaha, was 
esUmated by Captain Newbold to be about 200 ounces after 
Oatttini oi iroid average monsoon. What it may be at present, I did 

not succeed in ascertaining, but 1 think it may be safely set down at less than the tenth part 
of the former amoupt. The fiust that so very few are attracted to the gold washings 
at pnasont, appears to my mind very strong evidence of its not being a very profitable 
occupation. The poverty of the reefs is borne out by the very small yield of alluvial gold ; 
and the inevitable conclusion appears to mo to be that there are not sufiident prospects of 
success to justify any outlay of capital in mining works on a large scale. 

The stream-gold is fbund associated with a black sand consisting mainly of magnetic 
otw motiJ. fouid with th« gold >«» »» minute octohedra. and a black residue not affected by 
nad. the magnet In tbe sand washed in the Dhoni nullah, 

I found several minute rounded grains of a gxfy metal, which on further examination 
proved to be metallic silver. A couple of little spangles of pale yellowish silvery hue were 
also obtained, which are doubtlese eleotrum, the natural amalgam of gold and silver; beside 
these were a few minute grains of bronze colour, which on examination proved to be a 
mechanical mixture of metallic copper and oxide of tin. Newhold mentions having found 
a small fragment of metallic copper, grains of silver, and a few whitish metallio spangles 
which he took to be platinum ; a supposition whioh does not seem, however, to have been substan- 
tiated. He also found gray silver ore in a fragment of quartz, but did not trace the source 
from which the quartz had come ; nor was I more fortunate in that matter. In a green 
colored and veiy trap-like part on the pseudo-diorite, lying about a mile north-west-hy-north 
of Soortoor, I fbund very numerous octohedra of magnetic iron of minute size, but very 
perfect, with numerous little lumps of copper pyrites and some iron pyrites. Iron pyrites of 
very white color, in minute parcels, is also widely dissemminated in an adjacent black variety 
of the pseudo-diorite. ♦ 

Oaptain Newbold'e notes on the geology of the gold tract are very brief, hut, like 

^ ^ ^ all his observations, very correct. The Kappatgode gold 

in^otsB OD prorious oDsorvers* « _ j t • 

region was subsequently visited and desonbed by laeu- 

tenant Aytoun, of the Bombay Artillery, but his description is nnforttnately very meagre. 
He speake of an exceedingly great development of iron pyrites in the gold region, and be 
observes that, ** were it not that all the conditions on whioh the large development of the 
predous metals depends are here found in conjunction with the pyrites, it might be imagined 
that the small quantity of gold now found in the nullahs in this part of the country was 
derived from thia eouroe. IxoO pyrites, as it is well known, often yield a small amount of 
gold.’* To my judgment the development of iron pyrites is small, except in the argillaceous 
schisti neat Buttee-Kuttee, in which the cubical crystals are found in moderate numbers. 
Lieutenant Aytoun does not appear to have traced the gold to its matrix, though he inferred 
correctiy that it ia found among the chlorite slate hills to the west. He mentions having 
obtained oocaskmelly " sAall pepiteamf gold of a pear shape,*’ hut does not give the localities 
where th^ were llrand. Hie sections illustratmg the geological struetore H the hill group 
am oorrect in the anooesaion of xodca shewn, but in various parts he seems to have taken the 
planes of slaty deevage for planee of bedding.* 

Hfv Cht^, in hie Summery of the Geology of India, in referring to Mr. Aytonn's paper, 
two hills, called the ‘’Gieat” and ** Little” Gold Mountains. These names seem 
to^hane g|p* oat of use now, or to have no reference to the occurrence of the precious metal. 


• CeneotorsW of Belsamn, molt 

wist, hf Bombay Artl««ry» TnuunsUonsetf fee Betting Gstmapl 

nsgsei Slssimtl|tl|AW<»wiei^iQ«o^ 
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They were not mentioned by the Petdi of Dhoni whm pointing out all the difierent places 
seen from the summit of the Kappatgode. 

Mr. Gilbert EUiOtt of the Bombay (Hvit Service, now Collootor of Kuladgee^ visited 
the gold tract in 1866 ; but 1 am unaware whether he wrote any report on it at that time. 
I think, however, that if be had re-visited the Kappatgode and the other gold localities with 
the practical knowledge of gold mining and prospecting he has since acquired in Australia* 
he would not lately have written so eanguinely about the prospects of gold mining in 
Western India. 

My visit to the Kappatgode was greatly facilitated by the great assistance and personal 
kindness I received from Mr. Elphinstone Bobertson, the Collector of Dharwar, and Migor 
Bartholomew, Bo. S. C., the District ^upcrinteiident of Police, to whom my best thanks 
are due. 

f 

Other auriferous nooALiTiBs ih Dharwar, Bbloaum, and Kuladobb Distriots. 

Gold occurs but only in veiy small quantities at several other places besides the Kappat- 
gode region, ^hiji^ Moolgoond in the Kod Talooka of Dharwar District, which I was unable 
to visit from its distanoe, is mentioned by Newbold. 

Lieutenant Aytoun mentions both Byl Hongml Belowuddee* in the Sampgaum 
Talook of Belgaum District, as auriferous locaUties ; but in the case of the former gives no 
particulars by which to proceed in making search : he merely refers generally to the occur- 
rence of gold sand in some streams. There ate very few indications of quartz, except such 
as occur in lamina and bunches in the chloritio schist. I only found one small reef which 
was of diaphanous blue grey quartz, coKtmning no visible gold and no sulphides of any 
kind. The people at Byl Hongul maintain that gold is unknown thejte, a statement con- 
firming the report of the talook officials to the Collector of Belgaum With reference to 
enquiries 1 made of him. 1 visited the auriferous nullah of Huttee-Kuttoe, an abandoned 
village near Belowuddee, but was unsueoessful in washing, and a series of samples of the 
alluvial detritus which 1 brought away proved on chemical examination by Mr, Tween to 
contain no gold. A sample of the auriferous sand which 1 obtained through the Collector 
of Belgaum was also found to contain no gold. The Patel of Belowuddee informed me that 
no gold has been washed during the past ten years. The Jidgars who used to frequent 
this locality came from Hoobly, in Dharwar District. The sand of this nullah contains very 
little magnetic iron, the almost constant associate of gold. 

All the evidence obtainable is not favorable to the idea of gold being fbund here in any 
considerable quantity. What little haS been found, was probably derived from some quartz 
reef traversing either the chloritic schists or the pseudo-diorite on which the nullah in 
question rises, t did not observe any reef in the valley, but much of its surface is masked 
by cotton soil or ferruginous ddbris fdrmed by the decomposition of beds of hmmatitic 
schist which occur in large numbers in the gneiBBic series^ These are the * Jaspideous iron 
beds * of Mr. Aytoun's report, which he holds to be analogous to the qtiartz ranges and 
metamorphio parallel bands of the Gral Mountains and Australiai and thinks they will be 
found to characterize the gold zone of Belgaum District. 

* Moorgod, in the Pursgurh Talooka of Belgaum District, is another locality where gold is 
obtained in small quantities. Unfortunately I was not aware of this wheb there, and had 
not an opportunity of re-yisiting the place afterwards. My informant^ the present mahal* 
kare of Chandgurh, Belgaum IjEalook, a very intelligent Brahman, who had been mahalkare 
of Moorgod fiw eome years, told me that from 160 to 300 rupeee worth ^ gold is annually 
collected in om> of the nullahs near the town. The Jalgars in that case are poor MussalmanS. 
The gold most probably comes from small quartz veins in th# diknitie schists, which are 
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largely devebped west of the town. I am indined to regard thia aeries of chloritic rocks 
as occupying the same horizon as the Kappatgode series ; bat this cannot be determined 
till the geology of the intermediate country shall hare been worked out. 

Gold is said to occur at Sogul, four miles south-east of Moorgod, but I could not ascertain 
which of the two nullahs near the village contains the auriferous sand. The existence of 
gold there is denied by the talook officials, so it cannot be found in any great quantity. 

The last place rq^iorted to yield gold is Goolndeg^d, in the Badami Talook of Kuladgee 
District. I am inclined to doubt it altogether, as 1 did not hear of it, though 1 visited the 
place three times. It could hardly have been unknown to the German missionaries of the 
Basle Society who are located there, and I should have certainly heard of it from them. 


RbMABES on CBBTAIN CONSIDBBATJONS AnDtrCBD BY FaLOONEB in 8TTFFOBT OF THE 

ANTIQUITY OF THE HUHAN BACH IN INDIA, hy W. Thbobald, Geological Survey 

qf IrMa. 

♦ 

Few of the writings of the illustrious Falconer possess greater interest to the geologist 
or anthropologist than the paper entitled Primeval man and his cotemporaries,’* written in 
1863 {yiide Falo. Memoirs, Vol. Hi, page 670), or display bolder or more forcible speculation 
on a question foreioost for intei ppt among those to which the attention of the great 
polmontologist had been devoted, '^e question, moreover, is an eminently living one, and 
great as have been the discoveries already achieved, we may confidently expect still greater 
accessions to our l^o^ledge of it in the future, especially that particular branch of it 
relating to India, there, during the latest tertiary times. Whilst, 

however, every advanm in knowledge has tended in thq direction of Falconer’s arguments, 
and rendered increa8ing||y probabll the main conclusions he advocated, there are certain iacts 
of which he was igpoiant, which materially diminish the force of one of the arguments he 
employed in support of his general proposition. 

The first argument in favor of the oo-exiptenoe of man and the extinct animals of the 
Sivalik Fauna, was the probability that the idea of a gigantic tortoise met with in the 
^hagorean and Hindu Mythology had originated in a traditional acquaintance with the 
huge ColoesocMyc htlas, which in size was physically comparable with and capable of con- 
tending on equal terms with the largest elephant. The tortoise on which the elephant stood 
which sustained the world, the second Avatar of Vishnu in the form of a tortoise, and the 
elephant and tortoise which during their combat were borne off and devoured by the bird 
Garfida, are adduced as instances o( this idea. "In these three instances, taken from 
Pythagoras and the Hindu Mythology, we have reference to a gigantic form of tortoise, 
comparable in size with the el^hant. Hence the question arises, are we to consider the 
idea as a mere figment of the imagination, like the minotanr and the chimmra, the griffin, 
the dragon, and the oartazonon, Ac., or as founded on some jnslifying reality P The Greek 
and Persian moni^rs are composed of fanciful and wild combinations of different portions 
of known animals into impossibb forms, and, as Cnvbr fitly remarks, they are merely the 
progeny of uncurbed imagination ; but in the Indian cosmogonic forms, we may trace an 
image of ooogmity through^the chrad of exaggeration with which they are invested. We 
hnvo the then, as at present* the laigest of land onimab, a fit supporter of th^ 

bxlmt f od44 ^ sexpent Asokee* need at the churning of tb^ ^ 

representetiNrn of the gigantic Indlipd Python; and in the J>ird-god Gudda, with all his 
aitributaiu we brny^tect the gigantic crane of India (GfcRwis gigantm) as supplying the 
origin. In tike nbnner, the ColoseoeMyr would supply a consistent representative of the 
tortoise that iiajitiained the el^haat end the world together. But if we are to suppose that 
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the mythological notion of the tortoiae was dcriTed« aa a symbol of strength, from some one 
of those small species which are now known tOvCzist in India, this congruity of ideas-^this 
harmony of representation, wonld be at once violated ; it would be as legitimate to talk of 
a rat or a mouse contending with an elephant as of any known Indian tortoise to do the 
same in the ease of the fisble of Gardda. The ihmcy would scout the image as incongruous, 
Mid the weight even of Mythology would not be strong enough to enforce it on the faith 
of the most superstitious epoch of the human race/'-^Page 575. 

The above argument is plausible, if it may not be termed forcible ; but since it was 
written, additional light has been thrown on the subject, and it has been ascertained that the 
Fauna, habitually referred to by Falconer as the Sivalik, in reality comprised two Faunas, 
derived from two perfectly distinct groups, which were first discriminated by Mr. Medlicott 
(vide Memoirs, Geological Survey, Vol. III.) under the names of N&han and Sivalik, in 1864. 
Now, the co-existence of man with some, at least, of the extinct members of the Sivalik Fauna, 
though not as yet established, is what the discoveries of any day may put beyond question ; 
and were the Coloesoohelys a member of the more recent, Sivalik, fauna, Falconer's argument, 
quoted above, would, in my opinion, have great weight : but we now know that Colossochelys 
was not a Sivalik species but a member of the older Nahan fauna, no species of which is 
certainly known to have survived to Sivalik times. Colossock^s was among the fossils for- 
warded by Colonel Burney from Ava, where it was associated with Mastodon latidens, Clift, 
and Elepkas Fal. (M^astodon elephanioides, Clift, in part). Now, both these mammals 

are Nahan species, and duiliig the last season a superb palate specimen of B. Ciytii, Fal., 
was procured by myself from Ndbau strata,^ear Talowra, on the Sutlej ; whilst Mastodxm 
latidenst Clift, was recently procured near Lehi^ not far from Jhelum, W Mr. Wynne, accom- 
panied by Sue hysudricus, Fal., both fossils differing considerably frop;|mlik remains in aspect 
and mineralization. I have not visited Lebri, but I have good jg^lMnds for believing the 
fossils from it to be all of N&han age, though this I need not enter on here. 1 have also 
myself procured daring the last season specimens of Coloseochelya from N4han beds near 
Deyra or the Bi^s, so that the evidence of the geological age of this remarkable form is 
tolerably complete. This being so, aHy arguments short of direct proof of the oo-existence 
of man and the Coloesochelys ore vain ; since, with the enormous gap intervening between 
the groups, it is far more unlikely that remains of man will be ever found in the older, than 
it is probable that they may be discovered in the younger. ^ 

The second argument I would refer to is contained in a paper by Falconer, published 
posthumously in the Quarterly Journal of the Geological Society for November 1865, and 
reproduced in the Falconer Memoirs, Vol. H., p. < 632. I cannot do better than give the * 
passage as it stands : ** The third fossil species (Hippopotafnws Pcdamdieus) is perhaps the 
most important in its indications. A quadruped, so remarkable for its size, form, and habits, 
must everywhere have forcibly impressed itself on the attention of mankind, and struck 
with the close resemblance of the Nurbuda fossil buffalo to the existing spedes, the 
question arose with me : ' May not this extipct hippopotamus have, been a contemporary 
of manP and may not some reflection of its former existence be detected in the extinct 
languages or ancient traditions of India, as in the case of the gigantic tortoise?* FoUowing 
up the^ enquiry, I ascertained from the profound Sanskrit scholar, fiajah Badhakanta 
PevA, that the hippopotamus of India is referred to unddr diflbrent Sanskrit names of 
great antiquity, significant of *jala hasti,’ or * water elephobt,* in the ^Amarakosha* and 
* Subda-ratnavalk*^ This view is confirmed by the opinion of two gmt Sanskrit scholars, 
Henry Colebrooke and H. H. Wilson. The former in his annotations on the ‘ Amarakosha* 
interprets the words ‘Gr&lia* and*Avah4ra* as meaning >hip||opotamus ; and the latter not 
only follows this vetsion, but gives two otiter words,. ‘ Kariy&dus' and * Vidoo,' which he 
supines to signify the same animat It is therefore in the highest degree probable that 
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India wato famiUat with the bippopotamns as a liyiitg anknal, and 
it is oantwii3r h® every i^hability that this hnavdedge'^ it was drawn from -th^ African 
aperies iqiporiiod from ^Bgypt or Abyssinia/' Considerinff the important issue here raised/ 1 
frit it would he extremely desirahle to obtain some om^IrmatoTy opinioa» if possible, of the 
philological question invrived, and accordingly addressed a note to my old friend, Baboo 
BAjssiiba!^ Mitra, stating the case and requesting his opinion as to whether or no any 
Sanskrit words were known which could certainly be referred to the hippopotamus. His reply 
was strongly negative of the idea, and 1 give it in full. 


** The Jalahagtt does not occur in the Afoarakpslat but in some of its commentaries 
it is given as a synonym of avaldra. In the NdgdMwnda, a Sanskrit Buddhist drama, 
jalakwyaras are described as sporting in the waters of a. river. Kwx^ma is but another 
word for hattU. The counterpart of this occurs in the Hdjataranffini, where Jaloffandkebha 
is used for jaXakasti. Keither of these books, however, afford any clue to the nature of the 
animal they describe. The Sanskrit Dietionaiy of Bdhtlingk and^^Both gives *wasser- 
elephant* on the authority of Hemasuri, who says it is an elephant-like animal, which 
dwells in water {JaUaha htMiydkdrdi vd). The Amarakosha iakea the grdka and the 
aualdra to be the same animal, which* according to one commentator, is the san^e with . the 
shark, hdngara (hdngardklga jdla-jantau) ; and according to another, a slender, .long animal 
that f^quehts the confluence of large rivers with the sea (sanwdra^mahdnt^goh sangame 
latdhdra, jantu otaealoA). At least half a dozen others add to the above definition * oom- 
monly known by ^e name * hingara* (shark), but not applicable to crocodiles ;* and I see no 
rei^n to difier from them. There is nothing in any Sanskrit work which can be accepted 
as a positive proof of the jalakaati being otto than the grdhat and was used to indicate 
. the hippopotamus. Xmust add, however* that Wilson* in his Sanskrit Dictionary* g^ves the 
Vord hippopotamua against avahdra with a mark cff interrogation. He . has not given 
the 'WQftdjalakaaU;'* 


After perusing the above remarks of so eminent a scholar* I think few will be inolined 
to attach much weight to any argument resting on so insecure a philological base as the 
abovp ia seen to be ; indeed there is a more formidable diffioulty even than the above uq« 
certainly* as to what aniinal waa really meant* in the fact of the words presumed to signify 
tiippop<diamus being of Alyan origin* which would at . first seem to carry forward the 
presence of the hippopotamus in India to so late a period as the Aryan occupation of the 
county. To this lei^h Falconer* howler* does not go* as be remarks with respect to this 
difiloufly*—*^ After ^fleeting on the question during many years in its palaeontological and 
ethnological bearings* my leaning is to the view that SR^opoiamua wmadiem was extinct 
in India long before the Aryan invaribh* but that it was &iniliar to the earlier indigenous 
races*' (Memoirs* VoL H.* p* fl4A). Witiioat*then, questioning the probability that this 
was the oahe* I think that it must be admitted that the philological argument is 

totally insu^oatjper ae to establish aurii|)rQbability. ^ 

< It h 9 VSver* to determine what i^imal the jatnhaati really was. It was clearly 

nii Wvdeldy an^^ ftri|uentiug riv^* and not the eroeodile.. .iThe suf^ition of most 
oomm^tatorn thait it was the * shavk^A^ probably due to the fact that th^ were acquainted 
' it* though thera is no possible similarity or 

a ^phant to render it probable that the old Aryans 

fonner animals The observation mie of the 
lU^jendridilb^^^ ie the effect that it ihfequented '^e junetioii of 
^ < ^ the remark of its bring long and slender* 

Animri called*) seems to tbiW a iijght on what may 

,;;jihtended:; witnessed the awkward evohxlloiia of dugouj^ 

I sm bN espgriia'Of still sea at the mouths of rivers oh the riM^em 
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side of the Bay of Bongid, 1 oext uodiBriktid horn the term * water elephant’ might be 
lulled to that animal whose heavy massii^ hefad and bulky form, imperfectly perceived 
beneath t&e water, is w^^ggeedve of somewhat dephantineproportioins. 1 offer the suggestion, 
however, merely for wh^ it is worth, wd as one certainly more probable than that the * water 
elephant* can be mUier a dmrk or any slender animal or dsh, whilst the probability of its 
being the hippopotamus is one involving too serious issues to be adopted on the slender 
grounds alone of verbal applicability. 

Kasaolx, ) W. THEOBALD. 

July 9th, 1874. I 


GnOLOaiOAL Hotbs HAim ok a visit to tbb coal bbcbktly oibcovbbbd in thb oouktbt 

OP THB LCNI PaTHANS, aotTTH-BABT GOBKBB OF AfOHAKIBTAK, by Y. BaLL, M. A., 

Geological Survey qf India, 

In the following pages 1 pnrpose giving an account of the geological structure of a 
portion of conntiy which, being situated for the most part beyond the British frontier, where 
internal strife and raiding is the normal state of things, is one which, except under each 
Bpecial arrangements as were made on the present oooasion, could not be visited by a 
geologist. 

For this reason it • is imp<Htant to put on record even the somewhat imperfect observa- 
tions which were made daring a few days harried ride through these little known regions* 

Fortunately, the route taken by the expedition from the plains at Saki-Sarwa to the ^ 
most distant point reached in the Chamarlang valley (about fifty miles as the crow flies) was 
more or less at right angles to the strike of the rocks and of the princij^ai bill ranges, and 
thus in each day's march a section of the rooks was traversed whi<^ served to indicate the 
geological structure. The farilily with which such rapid observation could be made being 
in a considerable measure due to the poverty of the vegetation* which was nowhere sufficient 
to hide the rocks, and thus the eye was enabled to trace indi^dual beds throngh all their , 
bendings for many miles. This freedom from jungle renders geologising on the north-west 
frontier a very different thing^ from what it is in the centnd ports of India and in the 
Himalayas, where, for the most port, the geological stmcturo can only be ascertained by 
systematic plodding np the heda of streams and hill sides, and where a bird’s eye view of the 
relations of the different formations is seldom tp be obtained. . 

My observations being restricted to a limited portion of the great Suliindit range, I do 
not attempt at present any generaHsatlons or even comparisons with the geologically known 
regi(ms to the north and south, but sh^ confine myself as murii as possible to an ennmmv 
ation of the observations made In' this partionlar looaliiy. So fiir, then, as reference to pre- 
vious notices is concerned, it is limited to the eoriespondence lelothig to the disei^ery of the 
coal, the jBxaminationof wElch was the object of my mission. 

JBtHory qf^ the coal. — ^The first disobvery of ooat m the. xiijlighbjanrhood of the Sulimfin 
range, west of Dera GhAri Khfin, was, m the yew ^86S, zepoj!^ to the OfWating Deputy 

* I am bidetted to Wr. M. Xnia Ov Uis Meatllteatileti of s smidt 
whtoh^oooitt,^ these, httls* V-;' 

•Ferhei^ ^ laoet ooniDoii tfce on the Ws ti asperiM of ofiveiTOCffo inyl««0. V«r.). A 

SshelljUbnii peto CSthmanan MiMimmm, the Ihiiteef wbUtb m nrndi the Biliichle. ocean w m 

hiU Blcpeeeed^iilie vsUera eed iMmea eiwMwore elm foaodonthe 

hUla vallbr^spseiee of Annie end emaot oaeoiiiBioii, end Hnteii edorwe end iWM 

vooeekmallr oscer. IkesldMi the fboi^eeVwtihwIneeom^ilhaitawhiflhRiseinloBetoettoiM eeie ahto 
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CkimtiQlinoiitrt Gs|vt&in W. LaiMf by Sbrd&t Jftm&l chief of the l4igto tribe, fipeei- 
laoemi by the Ideutesrant^Gfov^piior. the Punjab to l^e Oeoki^cal Surirey 

iw T^g^ai. !l%e examination ahewed that moat ol thenpeoimena ocouired iM in ifUng the 
finotote eopohoidal; atmoture obaeurely woodj-*-oim apedmen aplinteiy with a black 
ekeak, the other tough with a brown atreak. Specific gravity 1'46. Water 13 p. e. > 

^mpoaition — 


Carbon 

... 44-0 

Volatile 

... 60*5 

Ash 

... 6*6 


100*0 


Traces of sulphur were observed. 

The locality whence this coal had been brought was visited subsequently by the Deputy 
Commissioner of Dera Gb&d Kh&n,* who wrote—** The best specimens were found in the 
Hitbanwan passi near Chota Btla* but evmi here the seams are so small, that they would 
never repay the labour of working them. The seams of coal lie embedded in the rook chiefly 
of the sandstone formation.’* 

After much labour for a whole day about 10 seers of coal was obtained ** The laigest 
veins are not more than 6 inches long and about 2 inches in depth.” It was justly concluded 
that the deposit was not worth working. The above-mentioned coal from the outer (eastern) 
fliLTikin g hills of the main axis of the Sulim&n range was, up to the year 1870» the only 
known example of the occurrence of the mineral in that latitude* although both to the north 
** and south at E&labig and at Lynah* in Sind, coal has been known to exist in limited quan- 
tities lor a long time. * 

In 1870, the present Deputy Commissioner Captain B. Sandeman reported the receipt 
from some Hluchis of specimens of coaliix>m a quite new locality situated in a range of biUs 
nindy miles from the British frontier. The account given by ihe Biluohis represented the 
coal to be in oonsidexable abundance, and as the^aseay of specimens which were forwarded 
at that .^me indicated a good ooal,t it seemed probable that an important and valuable disoo- 
veiy had been made. 

Accordingly, in the present year, a favorable opportunity occurring. Captain Sandeman 
paid the principal locality in the Qhamarlang valley a visit, when, in a short time, 60 camel- 
loads of c^ were collect^ by the fiih^is, and the impression formed from the ap|>eaTaDces 
presented , by the seam was that the coal existed in sufficient quantity to be of economic 
value. !3%e coal collected on this occasion was forwarded to Lahore, where it was tried 
in,a locomotive and gave fiurly prsmising results. ’ At this stage it was determined that the 
loeality should be yisitied and reported <^pon by an officer of the Geological Survey, mid the 
foUowing adbouat embodies the results of the examination ; — 


J^fo.^Belore proceeding to tlie detiuled account of the leeks, I shall give a short 
alns^of therouk^l^^ ^ 



CitrtHin a»0 

... * ... 

Ash ... ... 


IW 



PAftT 4.] 


147 


Ball ; Ck^l m He PaliaH Hith. 

Leaving Derti Ghixi Khin, whk»&. ike vuMhnal area subject to inundation 

from the rMust is protected ttom injury If coh^dderable datnOt tke read westward to Yuddore 
passes 07W to Hie most part cultivable kmd, kiuikea here mid there by tracts covered with 
drilHng sand-dunes. Between Yuddoxe and SaU-Sarwa the eeil becomes more arid and 
sandy, and cultivatloti is more restricted to what may always hs called oases. The wild 
vegetation, oonsisring of species of Tomari^, Zissfphua, Calati*opia and JSupkorhia, indicat- 
ing the character of the soil. At Sald-Sarwa,* which is said to be 926 feet above the sea, 
the surface is covered with a wide-spreadiug talus of boulders. 

At the foot of the hills, close by, is a narrow margin of horizontal beds of sandstones 
and conglomerates, inside which again rise an older series of ranges formed of beds with a 
steep incline outwards, the dip being in places from 60** to 70°. Nothing can be conceived of 
as bring more desolate than the aspect presented by these ridges, scarcely a sign of vegeta- 
tion breaJcs the uniform brownness of the arid rocks. Entering the hills by the Siri pa86,t 
four miles to the south of Saki-Sarwa, we find that the marginal zone above spoken of, has 
spread to a breadth of about four miles ; the nwly horizontal beds of which it is composed 
completely covering up the highly ihclined beds which appear uear Saki-Sarwa. In the section 
exposed in the cliffs hounding this pass, a thickness of about 600 feet of beds of sandstone and 
conglomerate is seen. In places these dip to the south-east or east-south-east at an angle of 10° ; 
and the disappearance of a bed of conglomerate at this angle accounts for the sudden and 
total extinction of a steady current of water which comes from the interior. Judging from 
the map, this seems to be the fate of most of the rivers along this frontier, few of them 
finding their way to the plains, although the continuation of ^e nalahs or dried-up water- 
courses indicates that they have done so formerly, or even may do so now under the excep- 
tional circumstance of a heavy and long continued rainfall^ 

The gorge of the Siri pass is abou^four miles long. At its western entrance the 
horizontal beds are well seen resting on the highlyjnclined older rooks. Here a valley opens 
to view* in which, as far as the eye can reach to the north and south, numerous ridges, formed 
of green and red shales or clays and brownish sandstones, and fiirther in, white limestones, 
crowd the space. All the beds dip outwal^B from the main axis of the Sulimfin at consider- 
able angles, none under S0°, and in places exdbeding 70°. In the neighbourhood of Ead}i»§ 
highly fbsriliferouB whifjp nummuUtic limestones of inconsiderable thickness, alternating 
with argdlaoeous beds, first make their appearance. ^ 

The open parts of this valley, though stony, support a certain amount of vegetation 
which is dwarfbd and stunted in growth/but produces an agreeable appearance after the 
dreary waste outside. 

Underneath the limestones occur seme rium shales, and a succession of abides and 
sandstones. The ascent to the main axis of the Sulim&n range traverses Hie up-turned edges 
of these beds. 


The tomb of 8skl4^siwi is s place of tiiuott retol both hy tfsboiiisdrii& and )giiulaf . A mdls, wbieh la bold 
Is the cold weather, sttosota mas^tiiooaaada of pUgfitoa evecy yesr. 

t As old kaflls route to Kao^aiy , 

t An instaao^ of the, la^'oa^ Indeed, hah erahe W notlee during the phht SiW UecEM alnee my viait; the 
iooda which have osneed the Indne to break Into the bid' had ^ the Satlij Wid' taniM&de tlM><«tatfon ofOmerkote 
having heen. pidmi^h>9y d«e to 6ie eeceas of ImMue hodias of water fton the leSaisl tnhatariea which dnin the 
BnlimSn xango. The xslnft^ In Bilnefaietan hia beenuoltS ezeiptiosal to thia, monsoon, mid tba loaa of csttlo sad 
t^li4iii7tohonseehsaluooiito4ofkoo,|tofmmatdflfi^ . 

I In this I tond it eidto imposkhlo to^ShUi^ peiritfimf the oonrissof ths rivers and low ranges lepm- 

lented on the AUss-aheet maps pnriotog pnielj Imsgtoary direettona. 
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From^tliig tkdtoute lay south^aonth^wast, tihuti M&ri, for fifoean or sixteen 

ivaMt tilke td^s; if we except some mefoly keal Tapid ecmtortiona, gently rolling aB*]dppl6s do 
fei Hie fop of e great waye. lilie prinei^ roc^s in theie higher regionB (4^0QOfo 6,000 feet) 
foni^' of dark purple Bandatones with highly ferraginoiiB bands and oeoaaionally badly 
preserved fossils. But there is one marked band of w^ell preserved speoiinens of a species 
of Oatrea, These rest upon greenish and grey shales and occasional hands of a dark blue 
and Yety dense caloarfous sandstones in which no fossils were apparent. 

A bungalow erected^ Captain Sandelnanissittiated on a partially isolated flat-topped hill 
about 5,880 feet above Ihe sea and tweniy miles soath-south-west of Ek-Bai**ihe highest 
peak in this part of' the range. 

From the bungalow oHr rotite lay in a north-western direction, or nearly at right angles 
ac&s the strike of the minor ranges to the west of the Snlim&n. Passing down over the 
Western slope of the mrin anticlinal, the dip of which is mnch more gentle than the eastern, 
we reached the Bakni valley, which is situated in a synclinal trough, the rocks on its western 
side rolling over again in an antidinal and forming the Deka and Maz^ra hills. 

The lUkni valley is a fine open fiat plain, j^m five to six miles wide and 3,280 feet 
above the sea. It appears to be tolerably fertile, and is inhabited by a tribe called lladianis. 

Xn the pass to the north of the Deka hill a good section of the anticlinal is met with, 
the beds of shale and sandstone^ a mile further on, disappearing beneath the nummulitic 
limestones, which latter— between this and Taghfir, another fertile valley — ^form a synclinal 
trough* Between Tagl^ and the Karvada range, which bounds the Chamarlang vriley on 
the east, them are a succession of valleys for the most part formed along the denuded axes of 
anticlinal rolls of the limestone. On the scarped side of the Harluk portion of the Karvada 
range the older rooks, sandstones and shales, gp-appear underneath the limestones. And 
in these rocks, close to the western foot of the range, at about 800 feet below the base of the 
limestone occurs the principal coal iobalityf where, associated with layers containing fossils of 
oysters and twritellaa, occur two scams of obalr one of them averaging 2 inches, and the 
oHier shout 9 inches in tiiiekness. Other localities where this horizon was met with will be 
found mentioned farther on. Time did not admit of my examining the Dadar and subsi* 
diary ranges wluch hound the Chamarlang vallii^ on the west. But so &t as a distant view 
can juatiQr an opidon, all these* foUa appeared to be formed of the low^ rocks, with the 
reversed dip of the antlolinai ; Abdar lull itself, which is 6,280 feet high, not appearing to 
have even a cap of the nummulitic limestone. 


Our return route hy the Hinki and Han palsea afforded an opportunity of extending, 
very considerably, our observations on the geography* and geology of the oountiy, as it 
traversed the ranges at a diatanee of fifom twenty to twenty-five miles sonth-Weat of our 


ift^teout. 

- OnthewayfotheBmklValley.attAesoufheni eUdof the Karvada rangte, a section of 
t^ coai-horifon ioclm is disclosed In a pass h«e,foem are some thin h^rs of coaly matter 
in }Aue fonmetkmary shaks, the dip of which is 70° to south-sonth^^eait. A fault has 
\ edges of the Umeafonesl The 

aloiig the denuded crest at ifo anticlinal roll of the latjp^ xoeks. 

^ Paata Hara % lower rooks am in several 

IthelariiwplAfolii^ wtanm fo thk mirfo-weBt into 

vliiuaifoiw azea vrU^ 

-w. 
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BaU : Coal i« th« Umi FatAaa Hills. 

♦ 

These lower rocks ooivtinue with ffeyen4 raUfl niitU they, slope up to the Jhaudran range 

when a shai^p aatudinal bend causes tli^m to yi^denly and dii^pear under the limestones 

of a marked range which bounds the Barkai% valleys and of. which an admirable section is 

exposed in the Han pase. 

• 

The eastern peak of Jhandran is about 1,200 feet above the vidley. Vegetation is some- 
what more abundant upon it than on the surrounding hills, and m^icinal plants, which are 
reported to have spedal virtues, are found upon it. It was said^ tiiat this hill had been the 
abode of a Fakir, some of whose domestic utensils had been turned into stone. Anticipating 
that some fossils of remarkable character might have given rise to the tradition, we ascended 
the hill, but our guides could not, or would not, shew us the cave in which these articles wero 
said to occur. « 

Close under this peak there is a spring which yields a perennial supply of water. The 
banks of the river passing through the Han gorge are for the most part formed of a calcareous 
tufa, in which twigs, leaves, and recent land-shells abundantly occur. This deposit is similar 
to the well-known Asarhar of India.^ .It does not appear to be in any way connected with 
the above-mentioned spring, which, if any, deposits but a very slight amount of calcareous 
matter. 

The. Barkan and a succession of valleys to the north-east pliesent a fertile appearance, 
and there are several large and populous villages of the Ehetrans situated in them. As their 
name implies,* these people are cultivators but owing to the constant liability to attacks, 
cultiYation is for the most part confined to the immediate vicinify of the walls of the villages. 
These valleys run with the strike of the limestones. To the east the ranges, of which Mazara 
is the principal peak, can at once be recognised as being formed of the older rocks both from 
their dark appearance and the different form of weathering which they present when compared 
vtith that of the ranges formed of limestonee. 

From this point our return to the Bungalow through the Bakni plain lay along the 
same , route as on our outward march. 

• The rooks seen in the above seotio^ are referable to several distinct formations os 
follows 

1. Becekt (a) AUnviim, hill detrital beds^auud, and calcareous tufa. 

{ 2. FliooekbP (5) Sandstones and oonglomentes. 

3. Miocene? (c) Sandstones and clays. ^ 

' r Nummuliiio limestones. # 

A Eocene ^ fihmdstones and 8hale8.t 

Seeent (a), — Regarding the recent beds, in process of forma^n at present, but little of 
interest can be said. Hie alluvial area from year to year xeceiv<^ an inotement from the 
inundation of the Indus and its tributaries. The drifting sand dun£9 constantly changing 
their positimis creep aloi^ before the prevailing winds often, in iheir eoune, covering up and 
rendering useleaa cultivable knd. iborease of the hill detidtal imd talus beds in this 
country of nnall rain-M takes place but dowly. The travotin and ealeareous deposits are 
forming in several ]4f^esjt.^In the Han pass there is, as already mentioned, a considerable 
exposure of this rock, but the sources from which it was derived M no longer in action. 

FUoe^ f idie absence of any Iqasil remains, it would be' ftonature to attempt to' 

refer tiie frins^ng beds of sandetemm and conglouierates, whui|i» aa I have above pjginted out, 

* Dedved firnm a field. 

t Pofilbly some of ihm whflnnwfeir 9 spUeTjdnwt.It ooUcctfl^ wUl kUtfl^tokfl «3i»md ta the fleoflodary period 
(critaoeoas). 
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aro partiSalarly well Been in the Sin pass, to any of the known gpx)ttps which have been 
BOparated by their fossil fauna in other parts of the ocnintiy. That these rocks will, when 
they come to be thoroughly examined, pioTe referable to the age of the SiWaliks is not only 
possible, but, from their position and associations, highly probable^ 

The facts observed regarding these rooks ore, that in the Siri pass, where there is a good 
section exposed for a distance of about four miles, they consist of coarse sandstones, 
conglomerates, and boulder beds aggregating a total thickness of from 600 to 600 feet. In 
places they appear to be quite horizontal, but are for the most part inclined outwards, having 
a maximum dip of 10° to south-east and east-south-east. At the western end of the Siri 
pass they rest upon and against the inclined edges of the rocks next to be mentioned. 
Judging from the appearance of the map ank of the country so far as it could be examined 
by a distant view, there is a greater breadth of these fringing rooks at the Siri pass than any- 
where else in the neighbourhood. At Saki-Sarwa, for instance, the highly inclined lower irooks 
almost adjoin the plain witnout the intervention of more than a very narrow fringe. In the 
plains to the south-west of Saki-Sarwa, however, qidte detached from the main mass of 
elevated ground, occurs a long range of low hills which from their amorphous struoture will, 
I anticipate, prove to be fonned of these beds. 

On the west of the Sttlimdn range, in two loddities, I met with conglomerate beds 
resembling in their lithological structure these rocks; the first, situated at the western base 
of the Deka hill, may very possibly be of this age ; but the second, in Karer in the Lnni 
Pathan’s country, partakes so completely of the disturbance of the limestones upon which 
it rests, being included in a vertical synclinal fold, that I am forced to believe that it must 
belong to the age of the group of rooks next to be mentioned. 

2£ioeene f (c).— As to the charaotmu of the whole of this group I am not in a position to 
spe^, since its higher members are covered up by the rocks above described in the Siri 
section. Much as I should like to have examined these rocks in detail, the seabon was not 
one in which it was possible to do so without considerable risk. The general appearance 
presented by them as viewed from a distance shews that they consist of dark brownish 
sandstones in beds of no great thickness, alternating with bright red, greenish and grey 
clays. They dip outward (e^t) to the plains at angles of from 30° to 70°, and strike 
with the main Bulim&n axis, more or less north and south. I had no time to examine them 
for fossils, but it is probable that they will be fouud to correspond with one of the known 
groups of miocene or older pliopene age (NdhansP) of the Sub-Himalayas and Salt Kange. 

On this side of the Salimdns they no doubt extend for a considerable distance, to 
judge from the distant view and the physical features indicated on the map I fnlly anti- 
oipate that the beds which are exposed near Saki-Sarwa will be found continuous with 
those known to occur much further north in the vicmity of Banu.* With the 
imperfect data I pos^s it is of course impossible for me to say whether tbis group is 
susceptible of sub-division or not. t’ossil evidence, in the absence of internal unconformity, 
can alone decide this. The total thickness cannot, I believe, be under 3,000 feet and may 
be much more. 

♦ 

^ JBoeene With the af^peatauce of the nummuittie limestones we reach a geological 
honxm^jM to the afl^ities of whidb there can be no doubt. Abounding in well preserved 
frHiiils aud whh well marked hthologioal characters, these rocks e*-** be readily recognised 
whe re tei H hei y opatfur. 

f — 

^ awttip 1649^#^ Veroben*! lepert cu |he asolonr of tsihmlr, the Westsm Hiimasls sad Afghan 

^Wuuiaina jr. a. S. E, XXXVi, isesr. 
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BM: Coal in Balkan Hills, 

In the to west section ihs^W^ desenbed in the preceding pages the 

limestones are ^first met with in the vicinity ^ whem they underlie, conformably, the 
eandstbnes and abides just described. Here there is but a small developnient of the calca- 
reous element which is confined to afisw small bands assomated with shales and sandstones- 
This local alternation in the character of the beds when compfored with the considerable 
unbroken tfaidcnessee of limestones which occur in the sections fnrtiier west^ and which will 
be described below, suggest that this locality must have been situated near the margin of the 
sea in which the deposit took place, and was therefore more subject to the inroad of foreign 
materials than the areas in which ti&e Umestones are now found of great thkkness and uni * 
form character. « 

The fossils found at Kadji consist of Pelsc^oda, Gastropoda, Mchimderfnata, and 
NunmuUtes, the species being identical with those found in the limestones of the western 
localities. Mehmodermaia appeared from my collections to bo relatively somewhat more 
abundant in individuals at Kadji than they are in the west. 

As to the thickness of these rocks here I cannot venture an opinion, but it appears to bo 
veiy much less than it is in the west. 

Crossing the anticlinal ridge of older rocks which forms the main axis of the hills, we 
first meet limestones Again resting on the flanks of the reverse slope, where to the west of the 
Bungalow at Sandemanabad they occur as a narrow strip of buff-colored rocks containing 
nummulites and probably other fossils. 

Further west, beyond the line of the Deka and Maz&ra hills, limestones are again met with, 
but here we seem to have reached the area of maximumdeposit, for we find thicknesses of from 
1,000 to 2,000 feet with no breaks in the uniformity of their character save those caused by a 
few bands of nummulites which ore densely compacted in a green silt These hands are more 
strongly developed on the east side of the Tagh&r vdley than elsewhere. There the tough 
limestones may be seen standing out from between the &iahle nummulitic beds. Nummu- 
lites are not, however, by any means confined exclusively to the latter beds, as they occur 
pretty generally throughout. 

At Tagbfir, for some cause, the molluscous fossils were very badly preserved, being for 
the most part only in the form of internal casts, but of such there was a great abundance. 

The section from the foot of Deka to the Karvada range, which hounds the Chamarlang 
valley, discloses only these rocks rolling in a succession of synclinal and anticliaal folds; 
except that towards the end of the Kerar valley there is a very sharp syndtnal. which has 
caught up in its embrace a fold of conglomerate. This bed containingi^ as it does, fragments' 
of the limestone, must he referred to a more recent period. 

Underneath the limestones of the Karvada nmge, the older rocks, sandstones and shales 
with coal reappear. 

The limestones here, as in all other places where the junctioi^of the two groups of rooks 
is exposed on the side of a hill, form a marked cliff, the sandstones and shales forming the 
under-olijS. This cliff extends all aldng ICj^ada range, and is^firom its top edg^ to the 
junction with the older rodEs from 400 to 500 feet thick. The accompanying section represents 
the relations existiDg between the two groups in this part of t^e 005 Uitiy . 

In the Hinki valley, which is the south-west end of Karvade^ the limestones are 
crossed the retain route. Between this and pasta Marat^y^ex}nHt;..i^ unusual amount 
of local disturbance, in some cases the underlying shales and sOijai^ oohi^as beds spearing 
at the broken crests of the antidinals. Between Paata HaraM^ the Han pass the older 
rodw only are seen, but in the seetbn at thei|att^ place the 

able thickness, dipping at low angles towards the Barkan valley- J^ot lew than 1,200*' of these 
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jroolut is here exposed. Donndaiioti has prodtiosd some veiy preUy efFeeU in them. Isolated 
conical hilk^ several hundred feet high, standing out on the sloping flanks of the main range. 
From tius eastwards the beds roll over, sloping up on the flanks of the Beka and Mas&ra 
range. 

These limestones consist for the most part of soft fHable beds of ditty white or very 
light fawn color. Sometimcfi, however, they are very dense or even sub-ciystalline. From 
among the latter highly ornamental marbles might be selected. In these the sectionB of 
nummulites and other fossils present a veiy pretty appearanee. 

On the Karvada range boulders of a peculiar semi-crystalline limestone with green silt 
interspersed were met with, hut the position of the bed from whence they came was not 
ascertained. The rock is dense and heavy, and at first looked like an igneous product. 

In places veins of pure white limo, the result of the peroeflation of water, are of not 
uncommon ocourrenoe. 

Layers and nests of gypsum, too, are sometimes met with. Some long sticks of fibrous 
gypsum (selenite) were obtained in the Hinki valley. 

Fossils in these limestones were abnndant wherever searched for. The collection brought 
to Calcutta indudes perhaps a hundred different spedes. The places where I obtained 
those wore in the Taghfir valley, Ghukerani, Pasta Mara, Ka4)i» Karvada, and the Barkan 
valley. Besides thoso I received a number from Captain Sandemaa from the Shum plain* 
whidi is situated some miles south of Saki-Sarwa. 

The following is a preliminaiy list of the species which were obtained 

NnicHirLiTBs. 

Probably several species, not yet determined. 

COBALS. 

J^acky^eris Murchisoni, J. Haime 

Ifonivaultia ? 

A branching coral, not yet detonnined. 

Eohikodbbuata. 

Cidaris Yerneuilif d’Arch. 

Phymosoma nmmuUUcum, d’Arch. 

Conoelypeus FUmrngit d*Arch. 

SehixaMter Newholdit d’Arch. 

„ JBeleuehUianenHa, d’Arch. 

Bfwopfis Soweidiyif d*Arch* 

„ ^Sp,P 

Besides s^enJ other spedes which remain to bo determined. 

^ Pbksotfoda. 

Teredo Sp.P 

<hyti$akdtmd^nderm99 d'Arch. 

„ 6p. P 

Oorhula suhe^orakUt d'Alrch. 

Mmcmo yiyaniea, Besh. 
euhvitaryi, d’Areh. 

„ several other species, 

Astar^ Bp, P 
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Venus subvirgaiay dXhh, 

„ asiarteoides, d'AvBh* 

M suhovalU, d'Ansli. 

„ subeveresti, d’Arch. 

„ Byderabadensist d*A]»h. 

Cardita JBeaumonH ? d'Ajoh. 

„ several other species. 

CardUm Bomeri^ d'Aroh. 

„ several other species. 

Cypricardia Viearyi, d’Arch. 

Area Jturrackensis, d’Arch. 

Chama Sp. P 

Myiilus subeaHnaius, Desh. P P 
„ several other species. 

Gastbofoda. 

Nerita Sp. P 

Naiioa siyaretma^ Desh.P 

Troehusy ^ 

Turbo, I 

Phasianella^ I 

TurriUlla, One or more species of each of these genera. Tlieso have 

Cerithium, not yet been determined. 

Fusus, 

Cassis, 

Cypraa, 

Ovula Depressa, d’Arch. 

Bocenc (e). — ^Underneath the nnmmulitic limestones occur a series of rocks which differ 
from them very much in their lithological characters, and to no inconsiderable extent, too, 
apparently, in their fossil contents. 

But these rocks, so far as is known, contcun no fossilB whose occurrence would be incon- 
sistent with their being referred to the tertiary period, and it would appear that lithologically 
similar rocks have been met with * elsewhere underlying the limestones, and which have 
been considered to belong to the nummulitic series. Adopting this view (with the under- 
standing that some of the lower portion of this succession in which my very cursory 
examination did not result in the discoveiy of any f osrils may hereafter yield evidence of 
their belonging to the erptaoeous or some older formation) I sl^ proceed to describe the 
sections as I saw them. 

Underneath the limestones which, as 1 have above said, occur at Ka^ji, there appear some 
earthy alum shales followed by sandstones and riiales. These beds dip at angles as high as 
W* away Horn the main axis of the Sulim&n. After crossing some hundreds of feet in 
thickness of the upturned edges of these rooks, badly preserved {osrils commence to show 
themselves in the sandstones, and fkagments of a thin of densely oompacted oysters are 
met with scattered over the surface of the ascent. Associated with iliis layer are some 
shales^ and it is probably on this horizon some few mUes to the north of Kadji that the 
coal mentimied on p. 146 ooouni. I started one evening to visit this coal, but my ^ide so 
managed matters that we never reached our dcitination. The following day I was dissuaded 
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from my intention of proceeding to it in the enn, Jw n long ride lay before ne, and it was 
i^reseiited to toe that ezposore in tbeee hot valleye oonld not be undertaken without risk at 
this aeiton* The opinions on this coal given on page 146, and the universal testimony of the 
nahiveB/ unite in saying that it is in extremely small quantities* And tiie handful of 
Aragments of lignite brought by a special messenger folly testified to the worthlessness of 
the deposit* In a geological point of view, these traces of carbonaceous matter, together with 
the accompanying fossils, are not without interest, as they confirm the views of the geological 
structure arrived at by examination of the physical rdations of the beds. 

Crossing over a considerable thickness of these sandstones and shales the road leads 
over the Han-ki-der, a peak whi<^ is situated due south of the lofty £k-Bai. This peak, as also 
in all probability Ek-Bsl, are formed of dense white sandstones, under which there is seen in a 
deeply cut valley close by, a considerable thickness of green shales, so that if we except these 
shales, it is the lowest rocks of the geological succession which form the highest points of 
the range. From this point the edges of the rook turn over, and it becomes apparent that 
the main axis of the range is formed by a huge anticdinal roll, along the crest of which 
there appears to have been a fault by means of which, the upthrow being to the eabt, the 
turned over edges of the white sandstones are opposed to those of the upper beds. 

I have already on page 148 described the characters of the rocks seen between Han-ki- 
der and the Bungalow, and as the other intervening sections are few and unimportant, I khall 
pass at once to those in the Chamarlang valley where the coal occurs. 

» 

The first coal seen is exposed on the scarped side of a hill called Kuch-bddi. The 
section is as follows ; the thicknesses of the shales were estimaied, not actually measured. 
Ascending^ 


1. 

Coal, dip lOo W. 

2" 

10. 

Shale 

? 

2. 

Gypseous shales much jointed 26'*0" 

11. 

Coal ... 

... 

8. 

Coal 

IP 

12. 

Parting 

2" 

4, 

Same as 2 

... KXO" 

13. 

Coal ... ... 

2*' 

6. 

Coal 

... 4" 

14. 

Shale ... ... 

... 6'0" 

6. 

Shales 

« 26'-0’ 

15. 

Coal ... 


7. 

Coal * ... ••• 

r 

16. 

Shale 

... lOW)' 

8. 

Parting .*. 

4" 

17. 

Coal 

r 

9. 

Coal ^ 

r 

18. 

Shale with oyster layer. 



The hill is capped with sandstones which contain fosidlB of Turritella€. 

In this section then there is about a total of 2 feet of coal, wbicb is distributed in 
nine tibin layers throughout a thickness of certainly not less than 100 feet of shale. 

In another section of t£e same hill, three seams, possibly identical with some of the fore- 
going, locally swell out in places, but do not average more than 2 inches in thickness. 

Passing from ikis hill up a small vallqr in a vfesternly direction we meet another section 
at ibo end of the Harluk portion of tbe Karvada range, the geological horizon being pre- 
cisely idenUoal with that of the &mgmug> 

Sem tbm are in all aboat seven seams, the thickest of which does not exceed 6 inches. 
The dip is nmdh db|thrbed. 

The neat leedity is in the oontinuataen the same beds oa the western ot scarped side 
of the Xervada xm^ei where it overhaiigs thaippen valley of Chamarlang* 
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It wai at this locality that the appeaei^iW Minted to justify the hope that coal iu work, 
able quantity would be found. The foliowiug ia the seotion of tocktf exposed in this range 
in ascending order 

Blue and green ^ay shales^ 

Sandstcmee with fossils of TurriUlUk, 

Shales. - 

Coah good, ayetsging 9 inches in thickness, strike S.-W. ; dip 30° S.-K. 

Shales with strings of caal, . ^ * 

Oyster bed. 

Sandstone with badly preserved fossils. 

Green shales. . 

Sandstones. 

Red day shales. 

Limestones about 400 feet thick to the crest : below the crest, on the eastern slope, 
about 300 feet more seen. 

The same section appeared tolbe pretty constant along the hill side for a considerable 
distance, the &>al oontinning for upwards of a mile at least. As to the character of the coal 
1 shall again speak further on. 

* The next and last section in which traces of coal were found to occur is in a' pass at the 
south-west end of the Karvada range and which leads into the Hinki valley ; hero some thin 
layers of papery coal were observed in the bluish giuen shales, which at this spot are much 
disturbed, dipping from 70° (to south-south-east and south) up to the vertical ; further on, 
their edges are brought in contact with the limestones by a sloping fhult. 

Between Hinki and Pasta Mara the lower rooks occasionally crop out under the broken 
crests of the anticlinal roUs of the limestones. Beyond Pasta Mara again these rocks appear, 
as has also already been mentioned, and finally rise to form the Jhandran range. The route 
between these places crosses through one short gorge not 300 yards long, which is out at 
right angles through an anticlinal roll of dense cq^careous sandstones, probably the same as 
some seen on the main axis near Chnti Miri, A sadden bend to the east carries these 
beds under the limestones of the Barkan valley. ^ 

Fossils , — The evidence afforded by the fossils which 1 was able to collect as to the 
age of these rocks is nnfortunatdy somewhat meagre. 

I found no trace of any cephalopods whatever, and some could hardly fail to exist if the 
rocks are either cretaceous or Jurassic. 

Both Dr. Yerchere and Captain Yicaiy described somewhat similar rocks ; the former 
in the horilh of the Snlim&ns, and the kttUir m the south. It hurdly comes within the range 
of this account however, as I have already said, to attempt to dosdy cori^te these rocks 
with others observed elsewhere. 

The following is a list of the fossils which for the most part have only as yet been 
generically determined*— 

PwnxcTPona. 

Osiroa Deih. 

O. ' d*A«di. ' , ' 

O. f 
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meHia* 

ytUica. 

Botarinm. 

Tuirritella angolato, J. de C. Sow. P 

CeHthhm* 

Botiellaria Noorpoorentiit d'Areh. P 

Some nilmlnulite^ also occur in the upper beds of aandstobes; and a monocoiy- 
ledonoos aquatic plant was olftained in the shides of the coal hori^n in the Deka valley. 

On COAL AUD ITS BCOBOICIC VALCS. 

* From the foregoing it will appear that the best seam of coal which has been discovered 
in these hills is only 9 inches thick. This seam is continuous for upwards of a mile 
just inside a low run of hills flanking the Karvada range* which borders the Chomarlang 
valley on the soutH-east. 

The subjoined assay by Mr. Hughes, of the Geological Survey, of a specimen of coal 
from the seam shows that, if found in quantity, it would afford an extremely valuable fuel. 
It may be described as a light non-coking coal. In th# absence of all trace of vegetable 
structure, it would perhaps be incorrect to speak of it as a lignite. • 

** The mean of two assays give loss by drying, 6*7 per cent. (=±:=water). 

Carbon ... ... ... ... 67*8k Does not coke 

... ... 38*8> even when ra- 

••• •- .M 8*41 pidly heated. 


Volatile 

Ash 


Total 


100*0 


Ash flocculent, reddish in colour.*' 

Another sample, taken as it came, that is to say, without the removal of tho yellow clay 
which has infiltrated between the cracks and joints in the coal, gave the following result . 
from which it will be seen the proportion of water is somewhat greater, and that the 
percentages of carbon and ash exceed those in the preceding, but the result is still good : — 

Loss by drying, 8 per cent. (=;watcr). * 

(Wbon ... ... ... 59‘2 

Vdiatik ... ... ... ... 35*8 

Ash .«• aw M. ... 52 


Total 


100*2 


In my preliminary report 1 pointed out that, notwithstanding the excellent quality of 
the coal, a seam of only 9 inches is practically valueless. 

Were the seam situated near to any line of traflic, some hundreds of tons could without 
doubt be extracted &om near the surface at a small coet. But, however situated as regards 
trulfa^ it is a perfbctly obvious fact that sUoh a seam could not be worked to the deep with 
profit. 

It remains Gien to discuss the pxnspeo^ of better *aeams being hereafter discovered. In 
fkvor oE this pruapeet Ae onljj^thmg that can be urged is, that since a period did exist during 
the deperitioii ul these rooks when vegetable matter was accumulated in sufficient quantiries to 
form Isjyebv ^ <}oa|, it may have happened that in some places the vegetable growth was 
exoeprionslhf Uifiivaii the period exceptionally prolongea, and, aa a oonsequinoe, the fossilized 
vegetable snettaf dir coal was formed in exeeprional quantitice* 
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* 

On tlie otlier hand, as rendering ^ IvB^jncriNlMe that sneh a thick deposit will ever be 
found, three argumente may be enninevajledit^ 

1«%.— The experienoe of all thoM lAe h^ib ^bred, or at^pted to work, the coal of 
the same gj^egioal age in Sind and the" Fmqah is againet |he probability of coal existing in 
large quantity. 

2ai^.--The oonntr/in qdeaUon has, nnder Ciqitain Sandeman’s orders, been thorongbly 
searched, and all parts axe woU known to the different tribe^ yet no coal forming a thick 
seam has been discovered. The slight coaly indioationB, whieh have in some places been 
observed and pointed out by the Biluchis, testify to the intelEgenoe «»-wd care with which 
they have hunted over the ground. « 

3rdl5f.-^My own examination of the ground has ^own that the geological structure 
wsrraats the belief that since we have rocks of precisely the same a-g e on the outer or 
eastern slope of the Sulim&n range as those with which the coal is associated in the Ohamar- 
lang valley, the prospect of finding coal at the former locality should be as good as it is at 
the latter ; and not only as good primarily, but from the high inclination of the beds, tb^r 
edges being all exposed, very much better. At the same time these outer ranges being 
readily accessible to the people of the plains, many of whom, besides the chiefs, have some 
idea of the value of coal, it aeema reasonable to*oonolade that did a large seam occur, it would 
long ere this have been brought to light. I have above described the character of such coaly 
indications as have been discovered east of the main range, and have pointed out how unim* 
portant they are. 

Had the Chamarlang valley been the only locality examined, it might^^sibly have been 
concluded that boring would be adidsable to prove the lower rooks $ but as these lower ^rocks 
are elsewhere exposed and have yielded no trace of a seam, it may be stated that boring could 
only involve an almost certain waste of money.* 

For the benefit of non-geologpcal readers, I shall allude here to a theory which was 
mooted in reference to the Lagari coal in the early correspondence, and which theory I have 
known also to be applM to inferior or smidl deposits of coal of very much greater age than 
it. This theory is that the coal is not abundant, or is of infi^ior quality, because it is duly 
“in process of formation.'* Geological dironologyis not yet so fhr settled as to enable us 
to say how many thousands oi^ millions of yeare have elapsed since the coal became coal ; 
but this we can positively assert, that since that time the only possible change that can have 
taken place is in the wrong direction, in other words, the abstraction or removal of the 
oombostible portions* Kothing short of a miracle, and miracles find no place in the operations 
of nature, could convert the substances in contact with the coal, be they silioious, ealoareouB, 
or aluminous, into carbon or bitumen. 

SuLFBUB«--NWhile in the hills I heard of a deposit of sulji^ur which oocurs in the Scree 
pasi ; subsequently Oaptoih Sandeman ^btalned some specimens of the emde ore and the ma- 
nofiiotared sulphur. The tomer proves to be gypsum, which is much pwetfsted by strings 
of sulphur. This deposits if not the result of more diie^ voloanio action, has probably been 
derived ffom a hot spring, recent or extinct. A hot spring at !IKr Zinda in the Soreo pass not 
far horn where the sulphur was brohghl is well known and is a 0aoe of much resort. 

Close by is a hill called Hndar, whiribts aeeording to the mi^ is feet high, and stands 

oat pzQininently above the low langes. The season was unfimrable to my examining that 
part of the country as I shmild otherwise have doim. If tl^ hSi should prove to be* an 

* ' ' ^ , , „ 

^ I pat this somawhst mom IbSo In ecrsrlgiBsl rspo^ m sIium tt m$a vrUtes; 1 on fiw wbini 

siareh, an oppovtimitj of examining tbe tower icqIes more ctoa^y. 
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ancient voloanoi the ooonmiioe of the eidphnr will find an euy eixplaxiation* A iriait to the 
hill in the cold weather would be wdl worth the trouble of any one who might have the oppor« 
tunity of going there. Snlphnr is maijifififwtoed firom this ore by the Boa^s and Ensranis, 
and is stated to be abundant. The proOeei la most aiinple. An earthen gurrah (a thin spheri* 
eal pitcher)* filled with the ore is pla^ on tho fire; as sioon as sublimation begins to take place 
the fumes are caught in a second gurrah, which is placed mouth downwards on the Brst; cakes 
of pure sulphur of more or less crystalline structure are thus produced. 

To the south of the country visited by me petroleum is reported to oocur in the Mari 
hills. It is collected and used by the Hluehis principally for external application to the sores 
of diseased cattle. I have no information as to its abundance. 

IIBome rather indefinite rumonrs of brine springs, and one of the occurrence of actual 
rook salt, reached my ears ; but 1 cannot vonch for the truth of the atatements. 

These, as well as many other sulgeotB, will receive no doubt full attention when the sys- 
tomatio examination of the oonntry is taken np by the Geological Snrvey. 


NoTK of THB FBOOBXSS of OsOLOOtOAti ZHVBSTiaATION IK THB GodXvaBI DiCTBIOT, 

Mabbas Pbesibbkoy, 5y Wilxia.IC KihG', b. a.. Deputy 8 uperintendewt (fbr Madras }^ 

Geological Swreey of India. 

So far, the Goddvari District is one of the most interesting in Southern India, from 
the number and variety of its rock-series : these being found to represent periods in the 
palsBozoic, secondary, tertiary and recent formations. 

Since 1837, the district has been rendered classic through the researches of Dr. Benza, 
(guided by General, then Colonel Cullen), and the Reverend S. Hislop (assisted by Lieutenant, 
now Colonel Stoddard, Madras Engineers) : the first of whom showed that a band of lime- 
stones with marine and estnaripe exnvim occurred interbedded .with trap in the low hills 
of Pdngadi ; while in 1855 and 1859 the latter announced that a narrow but broken band 
of the Deccan traps with interirappean limestone contaixung lower eocene remains cropped 
out not far from either hank of the Gk>d&vari above the town of Rajahmdndri. 

The later investigations of the Geological Survey have added considerably to the above 
knowledge ; announoeuientc of these additions by Mr. W. T. Blanford and myself having 
been given from time to time in these Records. 

Taking the several groups of roeks in descending order, there are * 

1. Recent DiFOSiTS, . induding the long-known allnvial accumulations of the 
Gh)d4vaTi and Eistnah which merge into one another and form the wide and extended belt of 
low-lying plains edging this part of the Bay of Bengal. 

9. Cctdbalobb sAKBaTOKBfl;— These rise up with an easy slope to the west^rd 
from under the alluvium as the low plateaus of Samulcottah, Dowlaishwamm, P&ngadi, 
Chinna Tripetty, and Gelapilly, and axe here and there cdpped with laterite. The series 
OippeerB to bo identical with a like set of rocks occurring at Cnddidore^ the Red Hills near 
Madras, and again at NeHm, and man or less conrinnons between these places. They 
were named Onddalore sandstones by '^Mr. H. F. Blanford in 1857. 

8. Deooan Tbap with isflDBBi^iAFFSAKd crop out from under the XUyahm&ndri sand^ 
atohei at Ktotdra and F&ngadi; and as Bidop has shown, the intertrappean limestone is 
off Insmr edcenc age. A few additional genwa and species to those already described have 

obtained Igr A. J. Stuart, Bnb-CoUeotor of the Godavai'i, from the E&rtdm locality, 
^ my own bring mre particularly from near Pingadi, ' 
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4. Lambtas or lNFBATBATFBAK8.*-^Wlliie wox^ing ottt the preceding series in the 
Fingadi plateau* 1 discovered a new set of iii^oks imm^isiteljr underlying the lower flow 
of trap a short distance south of the village of Doodkooroo* whi6h is likewise traceable to 
Gowreepatnam* a mile or so further east* The chabootra* or resting place, of Doodkooroo 
and the old pagoda of the second village are built of blocks from a fossiliferous bed of this 
group, which is so crowded with a spedes of TSttriUlla that it may be called in the series . 

■ the Tnrritella Zone. This shell is very closely allied to, if not^ actually identical with, 
21 (2bi*ctt/a) dUpagsa of Stoliezka (Cretaceous Fauna of Southern India; Palseon. Indies). 
The other associated fossils are Eostethma^ Mureat, JFaseiolaHaf Latvrus? 

Egrula^ JfWiM, P^mtdolwa^ Eleuroioma, VolutilithsB (very near Voluia iorulom, Besh.)* 
Naiiea, TurrUella (near 2*. Ecndichetrieims^ Forbes, and 21 MuliUiitkUa^ Beuss.), 
Ceriihiumt and Dentalium, Oitrea, Ouculleaf Peettmeuluit Corhk, Cardiia fC. variahiiis, 
Hisl. and others), and Ogtheroa, There are also a Ciliopod (iMnuUfes) and numerous ehelm 
of a small crab. Only one of these forms, Cardiia mrMilU, is common to this zone and 
the intortrappeans. There is evidence, 1 think, to show that the bottom trap of Fangadi is 
lying unconformably on the Turritella band. Lithologically, this group is very similar to 
the Lametas in other parts of India. 

5. Bajmahals. — ^These dark-red and brown ferruginous sandstones and conglomerates 

with a zone of fine white and buff shales containing Ammonitea, Petfien, Nucula, ^c., with 
Falaoxamia, C^cadiies, ^c., crop out from under the Lametas near Baywarrapilli. In 
addition to the above and another set of fossils from InnaparazpoUiam, which Dr. Stoliezka, 
just before leaving on the Tarkand expedition, pronounced as having their equivalents in the 
Oomia beds of Kachh (uppermost Jurassic strata), I have, during the last season, obtained a 
good series of plant remains from the Golapilly plateau some twelve miles west of Ellore. They 
are Pterop^llum Paheozamia aeui^blUmt Pal, rigida, PecopUm Wndica, 

P, ? hbata^ TaxodUesff Lycopodium Auraoariics seeds, leaf-stalks, and stems. 

6. Dah(jdas. — a. KamiAk. A furtiier examination of the fossil-locality near Kun- 

laoheroo (pointed out by W. T. Stanford in a previous number of the Seoords) enabled me 
to secure the following Gloaaopieru, ErowMana^ var. Indiea, and varP 

Ausiralaeia, Q. mmatfolia f, Ncaggeroithia, lUiciieo, Phyllotheca Indkat Yuccitea /, and 
stems. 

b. Barahar8,*^^T^ua opinion already g^ven by me in Yols* T and YI of the Becords that 
the sandstones of Bdddadanole are of this group, and that they probably contained coal, has 
been confirmed by the borings selected for Mr. Yanstaveren, the Executive Engineer. Four 
seams of coal and carbonaceous shale were struck, only one of which is, however, of any 
thickness. .The bore hole of this is near the eastern edge of the fie|d ; and at 188 feet 
4 inches, a 4} feet seam of po^ coal was found. My colleague Mr. Tween gives the follow- 
ing assay:— 



Coed, 



^Oohe. 


Carbon 

... 

... ie-4 

Carbon 

... 

... 88*5 

VolaUle 


... 8oe 




Aah 

... 

... 58*0 

Aah 

... 

... 77-5 



lOOO 



100*0 


This was evidently from a fafr average of the materia! brought up from the hole, which 
was move bl^k shale than anything else ; fhr a subsequent analy^, of fragments of fair coal 
picked from the stuff, gives— « 

Coed, Qdk, 

Carbon ... ... 97:0 Carbon ... ... 99*5 

Vdatfie ... ... 87*8 

Ask ... ... 88*9 ' Aih ... 50*8 


100*0 


lOOO 



m i. 


[VPL. VII* 


Percentage 0^ 12:8 ^ 

As the borings mcontiniied in these snd in npiner strata, better resitlts As ta o^ntity 
and qnal% may be obtained. 

There is no oiAer expbsnre of eeiel biensttres in tiiis district; neither, fi^nn my latest 
examinal^n, which wae earned on to Bezwadah and thence westward to within range of the 
old work of Messrs. Oharies, M, Oldhatn, and B. B. Foote, is there any indication of further 
onilierB in the Kistnah District. 

7 . CBT8T4nLiVBS.-^Tho gneiss of the GodAvari district and down to Beawadah is 
to a great extent a highfy gametiferons qnartao&lspathic variety, well J^ded and fdiated. 
It often weathqirs into a . rock scarcely dis^guishable from a sandstone^ ^ Bands of very 
quartzose rock with graphite sparingly dikributed through it occurs dose to Bezwadah, 
08 also some beds of orydialline limestone highly charged with pgroxene. Traces of graphite 
are found in the streamy of the Bdddadanple field, which have evidently been brought down 
from the gneiss country to the north,. Large masses of tourmaline of very black color 
occur at times in the gneiss ; and from one r^on in the Yemagoodum taluq near Koye* 
goodum pieces of the same mineral have nver and over again been sent to me by the district 
officials* as coal. 

The area of crystdlines has, however, only been cursorily examined as to its details, and 
it is therefore premature as yet to refer to it except in this short manner. 


N0TBSi*Ur017* THB 8VB81DIABT MATBBIAtS FOB ABTIFICIAn FVBL, bg ThBODOBE W* H. 

HnoHd^i A. B. s. u., c. E., F. o. s., Geological Surveg of India, 

The manufacture of artificial or brick fuel from small coal and dust, which is becoming 
an important industry in Europe and America, has a very practical bearing upon the develop* 
ment of the coal resources of this oountry, owing, not to any pressing necessity to utilise the 
waste which is gradually accumulating in our chief centos of mining, but to the fact that 
much of our coal is Oxceedingly soft and liable to disintegrate, whilat some of it is so crushed 
in its original bed Uiat it oSn only be brought to the surfaee in the form of dust 

it is alre^y a^arent that the final remedy for the mste of dust-coal will he the direct 
one dl burning It in a state ot powder. The advantages of perfect combustion lately obtain- 
ed in this way by Mr. Crampton are ao important that it may yet prove economical even' to 
crush round eesd for the fiimace. At prtoent, however, in India, where the chief demand is 
for looemotive engines, only tufp plans are open to us to render dust-coid of marketable value ; 
the one to e<Ae it; the other to convert it into artificial fuel. The system" which promises 
least snooess is that of coking, fbr the excess of ash and water in some, and the small amount 
of itolatale matter in others, aiffisot the ciAing property of a hwge percentage of Indian ooals, 
asA: theamft generally applicable method fix their nialisation is that of consolidating them as 
It ms^^themfor^ be to bring to notice a vmy intmalsiig and 'nduable 

dee by M. A« ^sbets, of dee IMnes de 

la^e, in the suhstancm ara^ihdiciitod that have found moat fhvor in Frimec and; 
B^beie^^ manutocturiPof hrje^ 

ia tho J^fas Vwmuib, s pto OT IccrmSmia 

ft. 0, s^ cf the i^Tciostei fiw .the ooooiteees, 





•tooglog the eoMe pm , 
fey tto late tor. 
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The prioeipa) qaalitwe to be at oa E^alied in the eobetfeuien lued axe 
aupply any defiBet in tile oendm^^ of tiie mw ntalnHd^ 

2n<?.^To prevent the fdel from eminblixig in the fire. 

jho.imgine&t the qnentitlr of iiiorgaiuc matter in the rneea* 

Tar and, above all, pitch aim the mattera belt adapted to Mfll aH tfaeee tionditiona. 

The principal aubatancea proposed, or that have been the anlyeoi of e]qp^^lent8, are as 
follows ; — • 

Iff.— Vegetable and mineral tars, fluid and dry pitch, asphalt, bttnmed, redo, and 
gntta-percha. * 

find.— Amylaceous substances, damaged starch and farinaceous matter, residues 
&om the manufacture of starch, Ac. 

3rd.— Fatty matter, animal or vegetable, oil-cake (oolaa, poppy, Ac.). 

4f A.— -Gelatinous matter, gelatine, gluei^ddbria of boms, dung, Ac* 

fif A.— Mndtag^ous matter, certain decomposed moaaea, Ac. 

6f A. — Potash or soda soaps. 

7fA.— Oxygenous substances, such as nitrate of soda, chlorate of potash, and 
peroxide of manganese. 

Sf A— Earthy plastic substances, day, plaster, lime, tarry cement, and ailieate of 
soda. 

Iwyrga/nic aubtiances. — The inoiganio mattera comprised under the two last headings 
are evidently only applicable for the manufacture of fuel for domestic puipbses, whom the 
object is to sustain combustion fi>r a long time without letting the heat be too stmng. 
M. Habets leaves it to be inferred that the oxygenous substances are added to modify in this 
case the purely deadening influence of the incombustible earths, wbidb form as mu^ as 
fi5 per cent, of the compound, ' 

Amgloiceous substances. — ^Aftdr tar and pitch, starchy matters are those which have 
been most frequently used. In fuel for domestic consumption they have replaced tar, qn 
account of the inconvenience ansing from the odour of the latter material. With a proper 
draught, however, no annoyance at all is felt. 

Thr.— Tar, which is still employed to a certain extent in England, has almost entirely 
fallen into disuse in Bdgium, and is only retidned in a few Fueneh fnctoxiee, it haviog been 
found that bricks made with tar will not bear long oarriagei that they stifdc. together when 
placed in heaps, and that they give off in bumii^ a great dm of smoke and a dissgveeablo , 
smell. 

i^ffcA-rTbe manufaetuie mtA fluid pUsh, which in ISflS had knade mpid progress, 
is now (1871) i^ly carried on in two fiBctoviei^in Belgium, naiaely, at Sauwartaa— where 
Kuab’s system of coking fhrnishes the neoegsaiy pitch— and at Gossidies^ where flSe 
ployment of Evrard'a maehinexy necessitates die use. The plant xeqnixed for the application 
of fluid pitcb> mudt larger and more dppfdt to keep in xepefr «tj|iihied to dry 

pitch. Heaters, pumps, tubes, mixing screws, and ipecial diBtrtot0I|^ Ac., mM be .provided; 
skilled workmen most be eu^loyed, and the drawback arii^ tom impei^eet distillaiion 
in the drying ptoeeas mast be gn^ed agItoA idie hri^ 

melt in the sun. 

jptoA.— *0ry pitch has ahnoat umveraaUy auperaeded pi^, for experience has 
shown that leas machinery is required to work it with, a more regular product ia obtained, 
and the bribka are lass llahle to totom Its employment M cetoin degree of auto^ 

matism, which haa had^ the most Imppy m^t in the lor^ug, of the coat, owtng to to 
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oin^ontodiTneea, sprodoeliis.obtpined defioieot fn. i^lntinaisiig preperiaes, and it is 
ftemd neoessM^ to add laid piteh, ipt or eoide heavy oQa. I7he foUowing la an analyus of 
d:^ pitch of 1*88 denm^ 
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Hie above extracts Will sufiice to show that Me Habets is aii advocate for dry pitch as an 
agglutinating material ; and the experience gained in Belgium and the north of France 
ce^inly points to it as best adapted for the purpose. But he points ont that this process 
has not been adopted in the south of France, owing to the heat of summer making it 
difficult to reduce the dry ptoh to ihe state of powder $ and until this diffiietthy is sur- 
mountedp the same olgeotion would hold with even greater force for India; In the southern 
provinces of France the soft-pitch process prevails, smoke-oonsumers being adapted to the 
fornaoes to obviate the evil effects of the mass of volatile products : the same system could 
probsbly he applied to the case of India. It was no doubt oonsidezatious of this nature 
that led 3Ir. Danvers in his book on coal, to elect in &vor of the starchy cements for India ; 
atid.at present tbe choice seems to lie between these and the soft-pitch process. 

Habets makes litHe or no specifio mention of the other substances enumerated in the 
8rd« 4th, and 5th aeotioiis of his list. We may presume that no practical result was obtained 
ftom them. His essay is most valuable for the detailed desoriptions and figures of the 
different processes of manufacture. 

Some Attempts have been made to adapt ferinaoeo^ agglutinants to the semi-bituminous 
waste of our OqllimrieB in the Bduiganj field ; and considered as mere experiments they were 
auooessfuh but commercial^ they were fs^nresi Rice and Indian^ocxm were both tried* and 
thqr formed good oemmits, but ^ey constituted a very heavy item in tiie cost of produotiona 

I thhik the time hat soaroejiy m^ved for the mannfimtnre of artificial fuel to he a sue- 
oessfii! industry in the Sfinigaai] while whole coal can he procured at its present or 
even at a contiderably enhanced price; but with regard to the Ddijiling coals (which can 
only be extracted as du^), snd to a oartain ext^t those of the Wardha valley, the only 
oonrse left fmr ntilimng them in the absence of the possiUlity of convtttmg them mtb coke is 
to malft" them into biick-csMd 

Borne trials have reoentiy been made in the Central Provinces to e^olidate the eoal of 
iheWarena eolhery^which is of a vary IHabie nature^by means of rice and g)am, &c. 
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Thefu^soprepaiedms » doll, tmoidderiiiK manner, 

gave a bad welduig*1ieid;, anjlbftBgaait of An nway proved it to , contain 

l(h2 per cent, of water and ^6 per cebt. asb"— an amount of naeleaa matter that could 
not £1^ to retard comlmetiou* 

Ab a highly oiy^nous rabatanoe, it mlj^t ^ve been edppb^ that, the additbn of 
nitrate of soda would aanat oombnalron, but mj advantage that , the prei^ce of this salt 
ought theoretically’ to Confer would be neutralised by the heat lost m evaporata^ the water 
that it absorbs readily from the atmosphere. Four grains are scarcely an appreciable 
quantity, and would yield only enough oaygen to eq^er into combination idth lees than one 
grain.of carbon.^ To be of any theoretical value, it mast be used in larger proportion than 
that gpven above. But the use of nitrate of soda is, I think, questionable, on the ground of 
its deliquescent nature, unless a plan of rendering each lump of fuel thoroughly water- 
proof can be adopted. It must also affect the formation of clinker. 

Gum, which is one of the ingredients, has never been brought into practical use in 
Europe owing to its price, and the same circumstance will probably mutate against its 
employment in this country. 

When aipnnaceonsceiiteiAis employed^ , it is usual to add some alum in order to 
strengthen it. The Diamond Fuel Company, which is now wiwking Barker's process, use 
sulphate of alumina or chloride of alumina in hydro-chloric acid, in the proportion of one 
ounce to a gallon of solution of starch. Tar, or better still pitch in small proportion, is also 
added in a small proportion to jrander the fu^ less friable and more water-proo£ In the 
ease of the Warora fuel, neither alum nor pitch was used. 

The Ddrjiling dust coals approach in composition those of anthraoitio regions, and will 
require a cement that does not consume in the fire more rapidily than the coal, fi)r it has 
been found that the agglutinating material burns too briskly, the particles of coal 
having lost their adhesive coating crumble in the fire and fall through the grate unomwamed.'^ 
Borne slow-burning farinaceous cementVill probably be the best aubstanoe. On the subject 
of D&ijfling coed, however, 1 refer the reader to the detailed report of Mr. Mallei^ in the 
Memoirs of the Geological Survey, Yol. Xf, which is now in the press. 

Attempts have been made to coke mixtuiss of anthracite fuad bituminous coal-dust, but 
the coke pre^uoed could not hear handling^ it had no density^'knd it was very porous, owing 
to the fact that the particles of anthracite would not unite with the lutuminoas particles. 

Putting day aride as an agglurinating material for the reason which has already bemi 
given, the most easily procurable cement in this country is that ^ming under the be ad of 
starch; but tar or its derivatives possess prdperties which render them almost a neoessaiy 
ingredient in most artificial fuels. 

There is not a Imge nati^ supply of pttdi, hut the Bengal Coal Company are oamying 
out experiments in a most spirited way to prove the yields of tar, pitch, mis, Ac., from their 
different coals; and the resists will give usefhi Wa by which to animate the ca^hility of 
Indian coala as a source of aupply. 

CAr.qu!rri, Odiobsr 1874^ 
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DONATIONS TO MU^UM. 

A vood 0 ii traj and a water soooj^ used Jal^ars* or gold^^wasbeia atSoortoor, l^isrwar 

Di^d^ Presented bj fi, B. Foots^ Ssq. 

Two models of gold nuggets, weight of origuials 937 oa. 6 dwts. and 1,717 oz. respectively. 
, Presented by O* Bnaiozr, ls<^, Mdboume. 

Speoimen shewing * bo^ * passing into amygdaloidal trap ; from the Y indhyan Scarp, Holkar 
Bsilway. Presented by Conovaa E. G. S« WinLiAwe, n. e. 

Series of Fosrils (Meilnaca) fkom the Mioeene of Santo Domingo, West Indies. Presented 
by Pbov. Wx. Oabb. » ^ ‘ 

Fossil plant P^eoptens giganteat Brong., from the Forest df Dean. Presented by J. 
Gbakt, Esq., m. b., Barakar. 


ACCESSIONS TO LIBBABY. 

Fbox 1st JuiiT TO SOth Sbffembbb 1874. 

Titles of Boohs, Donors, 

Annual Eeport of the Chief Signal Officer to the Secretafy of War for 18)B, (1873), 8vo., 
Washington. 

Chibf Siokal Offices, WashihotoB. 

Eleven Discourses by Sir Wm. Jones, Kt., (1873), 8vo., Calcutta. 

Dbit. Bey., Aobio. A Coxhebce. 
Falcoebb, Hugh, A CaotIiEY, P. T.^Fauna Antique ffivalensis, Text A folio of 32 
plates, (1846), 8vo., London. 

„ Palseontologioal Memoirs and Notes, Yols. 1 A II, (1868), 8vo., 

Xfondon. 

Gabb, WH.^-On the Topography and Geoh^ of Santo Domingo, (1873), 4to., Philadelphia, 

^ The Authob. 

H ABETS, A.*— De Id Agglomdration des combustibles, Text and Atlas, (1871), 8vo., Paris. 
Haxbie, a. C.— -The Tourmaline (1873), 8vo., Boston. 

Hubb, BdwaB 4>*'*^A T^tise on the building and ornamental stones of Great Britiun and 
fiflmgn oountries, (1872), 8vo., London. 

Hvet, T., STEBBT.^^Histoxy of the Names, Cambrian and Silurian, in Geology, (1872), 8vo., 
Toronto. 

London International Exhibition ol" 18^. Detailed list of articles contributed by Bengal, 
(1873), 4Ui, CSalcutta. 

Y. Baxi. 

Haubt, M. P.— Physical Geography* (1873), Boy. 8vo., New York. 

.^^fiETT^ Caft. P.. W.— Gaaetteef of tlie Karauli State, (1874), 8vo., Cakutta. 

^ The Authob. 

Bepo^ 01 the progress and ocmditi^i of the Bbyal Sdw Gardens daring 1878, (1874), Svo., 
' London.^ . 

^ India House. 

A catalogne of thei collection of Cambrian ai^ BUnzian EossUs, (1873), 
4fto., Cambridge.'’ 

' V ’j ■ ' ' ' ' 
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TUlei iff Boohs, Donors, 

Tawstit* D* B^Dwidry Gasteroiiodg, (1^4)> Bfisttfl. 

Xhk Attthob. 

The comp^lete works of Count Rumford, Vol, {I, (1879), Boston^ 

Avsb. Acad*, Abtb & Scxencxs. 

Translation of a Memoir by M. A. Levol on alloys of silver aii4 ooppet and their chemical 
composition, (1874), 8vo», Calcutta. 

CoLONBXi HypB, R. E. 

Vienna Universal Ei^ibition of 1873. Detailed list of articles contributed by Bei^al, 
(1873), 8vo., Calcutta. 

V. Ball. 


Walcott, John.-— Desc^ptions and figures of petrifiujtions found in the quarries, gravel- 
pits, Ac., near Bath, 8vo., Bath. 

Wabbxn, D. M.— An Elementary Treadse on Physical Geography, (1869), 4to., Philadelphia. 


PERIODICALS. 

American Jounial of Science and Arts, 3rd Series, Vol. VII, Nos. 41-43, (1874), 8vo., 
New Haven. 

Annales des Mines, 7th Series, Vol. V, livr. I, (1874), 8vo., Paris. 

LAbmikstb. BBS Minbs. 

Annals and Magazine of Natural History, 4th Series, VoL^XIII, Nos* 78—80, (1874), 
8vo., London. 

Ebwabbs, a. Milne.-— Recherches a rHistoire des Oiseauz Fossiles de la France, 
Hef 35—42, (1867), 4to., Paris. 

Geographical Magazine, Nos. 2r-5, (1874), 4to., London. 

Geological Magazine, Now Series, Decade II, Vol. I, Nos. 6—8, (1874), 8vo., London. 

HANLBt, SYLVANtia, and Theobald, Wu.— C onchdogia Indies, pt. 6, (1874), 4to., London . 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. V, Nos. 9—12, 
and VI, No. 1, (1874), 4to., Calcutta and Bombay. 

t Govebnmiwt of India. 

Journal de Conchyliologie, 8rd Series, Vols. XI to XIV, Nos. 1—3, (1871—74), 8vo., Paris. 

Labtet, Eb., a CHbistt, H. — ^Reliquise Aquitaniose, pt. XIV, (1873), 4to., London. 

London, Edinburgh, and Dublin PhUosophuEd Magazine and Joui^ of Scienoe, 4th ^ries, 
Vol. XLVit, Nos. 314—316, (1874), 8t^o., London. 

Ltttnes, lb Dire be. — ^V oyage d’ EzplbraiAon A la Mer Morte, a Peti^ et sur la Rive 
Gauche du Jourdain, livr. 15—16, 4to., Pims. 

Mabtini unb Cheunitz.— S ystematisohes conohylien-cabinet,. Uef. 225—226, (1874), 4to., 
Niimberg. 

Nature, Vd. X, Nos. 241— 258, (1874), 4to., iKmdo^^ 

Neues Jahrbm^ fur Minerslog^,' Gedogxie,' huid Paheontologie, Jahrg. 1874, heft. 1—5, 
(1874), 8vo., Stuttgart. * 

PETEEH^irN, i}B. A.-rG 60 graphi 8 ohe MittheOnn^sn, Band XX, Nos- , 6 A 7, (1874), 4to., 

' ^ Gotha.' ' " ''' ^ 

, Qeographxsche'HittheUangen Supplesumt Nos. 31— ^3, (1872),^ 4to., 
Gothe. 
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tiRes ef Boohs. Donors. 

PvBXvraB» 0B. L.-— Noritates wntiMogm, AMh. I. Laad-oanohylien, lief 44 A 45, and 
Snp^emenf^ Y, lief 4—6, 4to., Gasad. 

PxCTBT, F. J.— Matdriaoz poor la Pal 9 <mtologie Suisse, Series VI, liyr. 1—10, (1872*73), 
4to., Gen^Te. 

PoaaBKPOBFV, J. 0.— Axmalen der Pliysik nuid CShemie, VoL 151, Nos. 1 — 6 , (1874), 870 ., 
Leipzig^. 

F^fessional Papers on Indian Engineering, 2nd Series, Vol. Ill, No. 13, (1874), 8vo., 
Roorkee. # 

, TsohisoB Ooilbgb of Civil Enoinbbbino. 

Quarterly Journal of Science^ No. XLllI, (1874), 8 vo., London. 


GOVERNMENT SELECTIONS. Ac. 

Bbitish Bubka. — Report on the Administration of British Burma for 1872-73, (1874), 
8vo., Rangoon. 

Chief Comkb., Bbitish Bubka. 

Hthbabad.— M emorandum by the Commissumer, Hydrahad Assigned Distriets, on the 
Survey and Settlement operations for the year ending Slat 
October 1873, (1873), 4to. 

Cokkb., Htdbabab Assigkbd Dibtbicts. 

Ibdia.— Annals of Indian Administration in the year 1872-73, Vol. XVIII, (1874), 8vo., 
Serampur. 


Goybbembbt of India. 


„ Government of India Civil Budget Estimate for 1874-75, (1874), flsc., Calcutta. 

Ditto. 


„ last of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative and Foreign Departments on 
Ist July 1874, (1874), 8vo., Calcutta. 

Hohb Dbfabtubnt. 

„ Report of the Proceedings of the Forest Conference, 1873-74, held at Allahabad, 
15th to I96i January 1874. With a Memo, by D. Brandis, Esq., 
(1874), 8vo., Calcutta. 

DbfV. Rbv„ Aobic. and Comkebcb. 

M Selections from the Records of the Government India, Foreign Department, 
No. 112. Repost on the Administratioii of the 
Mhaiivaia DiatrioU for 1872-78, (1874), 8m, Gabotla. 

« ** Govsbnmbft of India. 

H * VfdBmf dot 3* T«— BynopsiB of the results of the ope»tions of the Great Trigo- 
nometrical Survey of India, VoL I, (1874), 4to., Dehra Doon. 

Thb Subvbt. 
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TUht qf Boohs. Dofwrs. 

TBANSACTIipS SOOIfiTOS, 4^. 

Bbbltk.— M oiiflltBl)6riolit der kSnIg. B^qm. Alnd, dtrWt^^ zo Berlin, April to 

June, (187#, Berlin. 

^ Acabbmt. 

BoiTQir^^^Prooe ediB gi of tlie Amerienn Academy of Arts |uid SjpfeQcea# Yol, Yl^H, |^p. 605 
to end, (1873), 8to., Boston. 

Thb Aoabbmt. 

BBBSliAlT.-^AbliaiidlttDgen der Sehleaisehen Oesellsritaft, Phil-hiet. Abth. nnd Natur- 
wissensefaBlten und Medioin, Abth., 1878-73, (1873), Sro., Breslan. 

Thb Silbbian Sooibty. 

„ FUnB>ig|8ter Jahres-Bericht der Sohlesisolien Gesellschaft, (1873), 8vo., Breslau. 

Ditto. 

BBZ8TOL*-^Fn)oe0^iig8 of the Bristol NatoraUsts* Society, New Series, Vol. I, pt. 1, (1874), 
8vo., Bristol. 

Thb Soctbtt. 

Calcutta.— Journal of the Asiatic Society of Bengal, New Series^ Vol. XLIIl, pt. I, No. 2, 
(1874), 8vo., Calcutta. 

Thb Sooibty. 

„ Proceedings of the Asiatic Society of Bengal, Nos. VI and Yll, (1874), 8vo., 
Calcutta. 

Ditto. 

Cambbidqb, Mass.—- Bulletin of the Museum of Ck^mparative Zoology at Harvard College, 
Yol. Ill, Nos. 5 and 6, (1872), 8vo., Cambridge. 

Musbuk oy Cohpabatitb Zoology. 

„ niustrated catalogue of the Museum of Comparative Zoology at 

Harvard College, Nos. Yll and Ylll, (1873), 4to., Cambridge. 

Ditto. 

DBBSDBN.<**Sitzung8berichte der naturwissenschaftlicheB OeBellschait Isis in Dresden, 
Jahrg., 1873, April— December, (1874), 8vo., Dresden. 

Thb Isis Sooibty. 

EBtirWBOHi^^Tninsaotions of the Boyal Sodety of Edinbnrgb, Yol. XXYll, pt. 1, 
(1^-7#, 4^ Minbuigh. 

Thb Socibty. 

„ Proceedings of the Boyal Sodety of Edinburgh, Yol, Ylll, No. 85, (1872-73), 
Svo., Ediabni^. 

‘ Ditto. 

FLcnuurcn«^Memoiie per BerviTe ,alla,de«or|done della CMa Geologioa dltalia, YoL II, 

. 1 ^. 2, (187^ 4to., Florence. 

GbOLOGICAL <]!oi£]iISSlOB OF ITALY. 

IiAU8ANBB.r^Bolldtin de la Spcidtd Yap^o^ des Bdences SattireHes, 2nd Series, Yol. Xin, 
No. Tfi, (1874), Sv^o., lAUsaiihii 


Thb Yaubojs Socibty. 
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TUUa qf Boohs. Donors. 

IiOKDOX.*^Qanui.l of the Eaet India AasociatioD^ Yol. Vlll, 2^0. 1, (1874), 8 to«, London. 

The AssociiLTioK. 

„ Journal of the Koyal Asiatic Society of Great Britain and Ireland, New Series, 

, Vol. VII, pt. 1, (1874), 8vo., London. 

The Society. 

„ • Joui^nal of the Anthropological Institute of Great Britain and Ireland, Yols. I — III, 

pt. 1, (1871-73), 8to., London. 

The Institute. 

„ Philoaophical Transactions of the Boyal Society of London, Yol. 163, pts. 1 — ^ 
With list of Fellows for 1873, (1874), 4to., London. 

The Society. 

„ Proceedings of the Royal Society of London, Yol. XXII, No. 151, (1874), 8vo., 
London. 

Ditto. 

„ Report of the British Association for the advancement of Science held at Brad- 
ford, Sept. 1873, (1874), 8vo., London. 

„ Memoirs of the Literary and Philosophical Society of Manchester, 3rd Series, 

^ Vol. IV, (1871), 8vo., London. 

The Society. 

„ Proceedings of the Literary and PhUosophical Society of Manchester, Yols. YllI to 
XII, (1869-73), 8vo., London. 

Ditto. * 

„ Transactions of the Manchester Geological Society, Yol. XIII, pts. 1—5, (1873-74), 

8vo,, London. 

• Ditto. 

Melboubns.— Transactions and Proceedings of the Royal Society of Victoria, Yol. X, (1874), 
8vo., Melbourne. 

« The Society. 

Moscou. — ^Bulletin de la Socidtd Impdriale des NatunJistes de Moscou, Yol. XLYII, No. 3, 
(1874), 8vo., Moscou, 

The Society. 

New Haven.— Transactions of the Connecticut Academy of Arts and Sciences, Yol. II, 
pt. 2, (1873), 8vo.| New Haven. 

The Acaueky. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Yol. LXYII, Nos. 3 & 4. 
(1874), 8vo., Philadelphia. 

The Institute. 

„ Transactions of the American Philosophical Society, New Series, Yol. XY, 

pt. 1, (1873), 4to.; Philadelphia. 

The Society. 

„ Proceedings of the American Philoapphical Society, Yol. XIII, Nos. 90 & 

91ir\l873), 8vo., Philadelphia. 

Ditto. 

itoHE*— Bollettiko B. Oomitato Geoli^ico d' Italia, Nos. 5 A 6, (1874), 8vo., Rome. 

Geological Oouhission of Italy. 
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, Titles qf Books. Donors. 

Salbm, Mass. — Fifth Annual Report of the Trustees of the Peabody Academy of Science 
for 1872, (1873)> 8to., Salem. 

‘ The Academy, 

The American Naturalist, Vol. VI, No. 12, VII, Nos. 1 — 12, and VIII, No. 1, 
(1872-1874), 8vo., Salem. 

, Ditto. 

Tokbi.— Lyman, Benjamin Smith. Preliminary Report on the first season's work of the 
Geological Survey of Yesso, (1874), 8vo., Tokei. 

Thb Suevet. 


Tobonto. — Canadian Journal, New Series, Vol. XIV, No. 2, (1873), 8vo., Toronto. 

Thb Canadian Institute. 


Vienna. — Jahrbuch der 


kais. konig. Geologischen Reichsanstalt, Band XXIV, No. 1, 
(1874), 8vo., Wien. 

The Institute. 


„ Verhandlungen^ der kais. konig. Geologischen Reichsanstalt, Nos. 1-6, (1874), 

8vo., Wien. 

Ditto. 

„ Sitzungsbericlite der k. Akad. der Wissenschaften, Band XLVII, AbtM II, 
heft 4 & 6, Abth. lU, heft 1-6, and Band tXVlII, Abth. I, heft 
1 A 2. Abth. heft 1 & 2, (1873), 8vo., Wien. 

The Vienna Academy. 

Washinoton.-- Annual Report of the Board of Regents of the Smithsonian Institute for 
1871, (1873), 8vo., Washington! 

The Institute. 


„ * Hayden, P. V. — ^Sixth Annual Report of the United States Geological 

Survey of the Territories for 1872, (1873), 8vo., Washington. 

The Sueyby. 

„ United States Geological Survey of the Tenitories. Acrididm of Noiih 

America, by Cyi*us Thomas, (1873), 4to., Washington. 

Ditto. 

„ First, Second, and Third Annual Reports of the United States Geological 

Survey of the Territories for 1867-69, (1873), 8vo., Washington. 

F. V. Hayden. 

„ Leidy, Joseph. — United States Geological Survey contributions to the 

^ extinct Vertebrate Faima of the Western Territories, (1873), 4to., 

Washington. 

Ditto. 

Wbluinoton. — Transactions and Prooeedingv of the New Zealand Institute, Vol. VI, 
(1874), 8vo., Wellington. 

The Institute. 

Yokohama. — Mittheilungen der Dei^tsohen Gesellscbaft fiir Natur und Vdlkerkunde 
Ostasiens, Jahrg. 1874, heft 4, (1874), fisc., Yokohama. 

The Society. 


Dated October 2nd, 1874* 
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Fbeliminaby Notes on the Geology of Kutch, Wbstebn India, resulting from iho 
examination of that district, now in progress, by the Officers of the Geological Survey, 
. by A. B. Wynne, P. G. S., &c. 


The detailed examination of this province has been long looked forward to with interest, 
as promising to cast light upon the geology of other parts of India where fossil land 
plants similia' to some of inose occurring in Kutch have been found to characterize an 
extensive group of rocks and are almost the only fossils which th^e rocks contain. 

These plants were known to be associated in Kutch with a large number of marine 
fosEuls, the Jurassic age of which was determinable, but the relations between the beds con- 
taining forms so distinct had still to be ascertained. 

With this view a hasty visit was made to the district of Kutch by Mr. W. T. Blanford 
of the Geological Survey, in 1863, and the conclusions to which his observations led appeared 
in a short paper among the publications of the Survey. (Vol. VI, pt. 1.) 

Except this copiparatively recent paper other sources of information regarding the geology 
of the countiv, prior to.the present investigations, were almost limited to a paper by Captain, 
since Major, Grant, read before the GeologW Society of London in February, 1837 ; some 
remarks upon it by Dr. Carter in ** Geological Pa^rs on Western India** published by the 
Bombay Government in 1867 ; a record of some fos^s by Colonel Sykes (Geological S^iety, 
London), and an interesting notice in Sir Cffias. Lyell's ** PrincipleB of (Seology/* describing 
the effects of the .earthquake of 1819, the elevation of the “ Allah Bund,*' and submergence 
of Sindree village on the Bunn, north of Lukput. 

Of these Captain Grant’s paper is the most detailed, but while it oontaiuB many 
valuable facts, several of these seem to have been affected to distortion by geolpgioal theories, 
or views, which have vanished since he wrote, and also by a misappreciation of thaetratig[ra- 
phic arrangement of the rocks. The four or five-fold sub-division adopted by hhn, bemg 
natural, is correct, though the sequence was mistaken. 

Tee Bocks classified.^ 

The following may indicate the ultimate arrangement of the larger rook-groups, some of 
the newer ones being perhaps capable of fixxthmr sub-division : . 


Becent and Sub-becent 


Tebtiaby 


JuBASSIC 


r Blown sand. 

.. 4 Alluvium., 
(.Conozete. 
r Tertiary beds and 
.A Nummulitic do. 
tSub-1 

Stratified 



I Lower Jurassic (** or Middle Jurassic.) 

Intrusive T^ps. 


[The syenite of Parkur-Nuggar;‘ EalSnjur hiH, &o., at the north-east comer of the 
Bunn might be added to the above as the nearest base known for the Jurassic rocks.] 
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Of these the two Jurassic g^roiips appear to have been transposed by Captain Grant under 
file pam^ of “ Older and Newer Secondary.” The traps were looked upon as almost solely 
ininisive masses ; their interst/atiiicatlon with aqueons beds being indicated at some places 
where association merely occurs, and at others where intrusion between stratified aqueous rocks 
4)akes place. 

Locauty and Featdbns. 

The province of Kntch lies upon the irest coast of Hindustan, about 400 miles north-wef^i 
of Bombay, between the sea-ports of Kurrachee and Surat, or the provinces of Kattywar 
and Sind. 

It is bordered on one side by the Arabian Sea and Gulf of Kntch, while upon all others it 
is isolated from the main land and the Thurr or little desert, by the grand and smaller 
Runns which are connected at the eastern side of the province. Its length from east to west 
is much greater than its breadth,* and, including the Kunn, its area is estimated as being 
equal to about half that of Ireland.f 

The whole province presents numerous alteiuations of hilly ^nnd and open plains, 
.sandy when covered by the detritus of the rapidly decomposing Jurassic rocks, and moxe 
earthy when underlaid by the Tertiary formation, both passing, towards the southern coast, 
into broad alluvial plains of ordinary Indian aspect. 

The hills are perhaps as often filnsters as extended in the form of ranges, though these 
latter do occur ; and more or less continuous escarpments rising with the outcrop of some of the 
stronger beds are veiy frequent. A broken chain passes nearly east and west through the 
Runn islands of Pntchnm, Khnrreer and B^la to Chorar, (in the former being fianked by 
smaller range) another borders the Runn on the north side of Kntch Proper : — one, called 
the Oharwar range, runs east and west to the southward of Bhooj, the capital of the province : 
and there are lesser ranges in other parts of the district, with many clusters and isolated 
hills frequently conical in form. 

The hills of the Wagur or eastern side of the district, take no definite direction. They 
are the denuded remnauts of what would have been a somewhat flattened and rolling dome 
shaped mass if their strata were coniinuoiis instead of having been extensively operated 
upon by denudation. 

There are no loft^r elevations in Kutch ; that which is reputed to* be the highest, namely, 
Dhenodur hill, overlooking the Runn on the western side of the province giving a measure- 
ment (by Aneroid) of but 1,070 fbet above the Bunn ; several others, however, have elevations 
not greatly loss.]! 

Nearly all the ranges and many of the hills are steeply scarped on the north, and pass 
by gentie slopes Into the plains to the south as a consequence of their structure, the beds in 
general having long southerly inclinations at low angles from three parallel lines of disturb- 
ance or dislocation which extend, 1st, from Putchum Isle to Chorar ; 2nd, from Lukpnt, along 
the sonth edge of the' Bunn, to Doodye towards Wagur ; and 3rd, from near Boha to the neigh- 
bourhood of Butchao, passing at the northern foot of the Oharwar hills. North of these 
lines, and just in their vicinity, the beds are much contorted, their highest inclinations being 
always in a northerly direction. 

The trap hills, particularly tliose fotmed of intrusive traps, are frequently surrounded 
by precipices, or else sharply peaked ; an irregular range, however, formed of, or capped by, 
the bedded traps, running north-west from their broadest development in the Dora hms near 
the centre of the province out through its western half, follows the usual rule presenting 
long slopes upon the dip and steep ones along the outcrop of the beds. 

The northern side of the province, ^erallly speakjng, has much diversity of form, being 
often picturesque, while, owing to the absence of jungle and prevalence of sand, its aspect is 
nevertheless banen; particularly when the view lies across a parched and glaring plain edged 


* Aesbrdlng to Captain Grant ’iha 'ntMtits Imeth to aixmt 180 wflea, and extreme width 60 . 
t * Kntch Setectloni,' a colleotiion of papOn by taiiooi ^Itoh Offlelili, pnhlished by the Bombay Government. 

t fiiiwe vttiiiqr tiie almve, the helffht of a mhoataia ia the Sana istond ef Pattduim has beea taken hr Aneroid 
and foaad ixt by some hundreda of feet any elevation meaenred in Kntdi t^ropcr. DhSnodur hUl .to not a 
volcano— see psp^ by Mr . vlantbrd, nbove mentiotteii 
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by rugged hills, beyond a bright groeu natch with a few lonely palms, or other trees, neai 
some village where wheat is laboriously cultivated with the, aid of irrigation, and smoky clouds 
of sandy dust, raised by passing cattle, are driven belbre the northerly blast, finm which 
those working at the wells shelter ihemaelves by screens. 

The peculiar bare, level and extensive plain called the Bunn of . Kutch is not a marsb, as 
represented ui>on some maps. It is periodically coveted by water dui'ing the rains, and left 
dry, except a tew patches, shortly after they have ceased ; when those lower portions on which 
the water has laii^ the longest become strong^ incrusted with salt -this tre(|uently extending 
as far as the eye (W reach : — its dazzling surface flickering in the mirage, which magnifies or 
distorts any object that may happen to ho upon the horizon* The source of the salt is 
probably from sea water, this being said to overflow the Bunn, entering by the low ground 
at the mouth of the Koree river near Lukput, and also at the head of the Gulf of Kuicli, 
when the aea on tho coast is raised by the continued south-westerly monsoon winds.* However 
this may be, the waters from Kutch itself are strongly impregnated with salt derived from 
the rocks, great quantities of which in solution must be carried out to the Kuiin when- 
ever there is sufficient rain to fill the rivei's. 

Although the incrustation is not very thick, being generally from one to two and a 
inches, the quantity occurring on the Bunn is enomous, and the way in which fish, insects 
and su^ organic remains brought in by the sea or down iiom the land by the Bunass and 
other rivers are preserved by the salt is evidence of the sU*eiigth of the solution, if that were 
wanting. 

Notwithstanding that traces of marine denudation are slight and scarce along tho 
southern shore of the Bunn,- having been probably removed by subsequent atmospheric actioTi- 
its whole aspect strongly suggests its being a gradually raised sea-bottom ; a broad and 
slightly elevated tract cmled the Bunnec, lying along its southern side between Putehum 
Isle and Kutch Proper, being very [X)8sibly a bank or bar formed by the rivers which flow 
from the higher land in that direction. Over this tract coarse grass, a heathery looking tufted 
plant and !]^bul trees are irregularly distributed. 

Some of the results of the great earthquake by which this country was visited in 
are still to be seen in the fallen walls of several of the towns, in the “ Allah Bund/’f a low 
elevation, thrown up by it, which is said to have permanently arrested the southward flow of 
tlie water of the Koree or eastern mouth of the Indus, and in the submerged village of 
Siiidree on its left bank; part of the ruins of the fort only being visible above the mud, 
salt and water by which they are now surrounded, no other trace of the village remaining, 
and the basements of the building seen being buried iu the silt. 

Tradition has it that this Avas formerly the site of a large city surrounded by villages 
and fields, and to which the tidal ebb and flow reached : subsequently (from elevation of 
the laud probably) the river became so shoal that boats could not reach the port; the 
city was in a great measu|;e abandoned, and another Sindree built several miles fin-ther down 
the river at a place called Sindu on the map. Hero tlie same tiling recurred, and Sindu 
was deserted, a new city rising at Lukput, once an important place, but now consisting of 
a few houses in one end of the walled in enclosure. At present boats cannot come even 
so far as this, and Lukput Bunder is at a distance of three or four ifailes, while tlio sea trade 
is conducted at Kotaisir close to the old mouth of the Koree river. How far the first pari 
of this statement may be true is involved in considerable unceriaiiity, but it is said there are 
records in the Dufttcr at Bhooj which would prove the accuracy of some portions of it at 
all events. 

JUBASSIIC ROCKS. 

The Jurassic rocks occupy a large portion of the northern half of the province extend- 
ing through it almost ft*om en(l to end, and dso forming the hilly parts of the Bunn islands 
before mentioned. The bold scarps and rugged hills exhibit numerous flue sectLon^ showing 
plainly the structure of the country through which, notwithstanding repeated rolling undu- 
lations of the beds and some very markd anticlinal flexures, many recurring southerly and 


* It does not sppear to what extent this has been proved, though from the aspect of part of Uie coast. 
It tjeema likely to be the case. 

t Mound of God. 
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Bouthi^ivetiletly dips place tlie lowest beds along tbe north side of the district^ except where 
a great fault ooinciding with the northern foot of the Charwar range causes them to re-appear 
in its centro. 

These lower Jurassic beds consist mainly of gray, blue, red and black shales, thick 
thin lightooloured sandstones and hard silicious dags, with some more calcareous varieties, 
and in some places quantities of* dun-colored and gray compact earthy or sandy limestone. 
Pale-purple sandstones and some highly ferruginous bands also occur, the whole presenting 
so many varieties of color and kind inat its general lithologicid aspect is seen to difier from 
that of the uppermost Jurassic rooks, sufficiently to warrant an attempt at sub-division, 
only by regaraing the ^up as a mass and leaving details aside. The passage from the 
lower beds to tbe upper is so gradual that no very definite boundary can be assigned between 
them. Still there is a difference at the extreme ends of the series which would at once 
prevent their being mistaken for each other, and which, it is supposed, led to their separation 
into two groups by Captain Grant. 

Owing to the numerous faults, undulations and the general lowness of their dip, the 
thickness of this great series of Jurassic rocks is difficult to determine with accuracy, but it 
has been assumed, from observations in the part of the district lying eastward of Bhooj, to 
reach from 4,000 to 5,000 feet, of which measured sections of over 2,000 feet have been 
made in tbe lower portion of the group ; and there is no reason to suppose its aggregate 
thickness to be less in the western side of tbe province- Tbroughont this large accumula- 
tion of stmta there is a marked absence of regular zones, indicating successive stages of 
deposition, and while in such an assemblage of coarse sandstones and muddy shales with 
frequent conglomeritic bods much constancy of lateral extension might not be looked for, 
and marks of succeeding zones be probably obscure or absent, no want of material seems to 
have existed to sup^dy new or similar layers for those which may have died out. The whole 
formation, particularly in its upper beds, maintains the same characteristics of obliquely 
laminated strata altomatiug with finer and more parallel deposits, all of richly varying tints, 
from black to white, blue, red, orange, brown and gray, and sometimes green with a peculiar 
golden oolite among the lower rocks which glistens like avanturine. 

The lower beds on weathering take frequently a rusty color, and dull olive tints arc com- 
mon, while, where the beds are highly calcareous, a whole mountain formed of theui with 
rrmnded outlines and a whitish hue m sunshine looks cool, and in cloudy weather as gray 
as any granite hiU. Thick bauds of a warm orange sandy limestone with some red beds 
occur also in tlie lower rocks, and many of their shales are gypseous. 

I'he upper beds are marked by a predominance of clean white gi*avclly sandstone with 
some blackish ferruginous bands and white or lavender-gray, sometimes highly carbonaceous, 
shale. Between these and the lower beds alternations of almost every variety of rock in 
the formation occur, ranging through a vertical space equalling a third of the total thickness 
if not more. Many of the beds in both groups arc sti*ougIy saline. 

The lowest beds are much the most fossiliferous, and the remains are chiefly marine, 
including Ammonites, Pleurotomaria, Osirea, Trigonia, CuculUea^ Corhula, Gry^haa, 
Modiola, Terebratula, and numbers of other bivalves, Echinida, Crinoids, Comls, Belemnites, 
fish teeth, reptilian bones, \nd fossil wood. 

In one certain arid one or two doubtful instances some of the upper beds of this lower 
and marine series were found to contain impressions of (terrestrial) Zamies in shaly bands inter- 
posed between the marine shell-bearing beds. During the examination of Eaeltem Kutch, 
the most exhaustive se&ix;h that could oe made failed to find any thing among the upper 
rocks except these Zamice and a few other terrestrial plants, but in the west, in a few cases, 
some mai-ino fossils have been obtained from single beds occurring amongst unfoBsilifeious 
strata of the upper portion of the rooks, but still l»low the uppermost (white) beds seen. 

This alternation or intercalation of the marine and freshwater beds (presuming those 
coutfti&iiif? Zamies to 1>e of purely freshwater deposition) being one of the points to which 
attmitioii waa spedaily directed, it is satisffictory to have so far ascertained the &6t after 
many months of close search, even though such alternation appears to be much more limited 
than wsm supposed, unless it is Jaken for granted that the numerous framentary pass-like 
plant remains , so common in the shales and flaggy sandstones throughout the mrmation 
are of fioshwater deposition aho. Many of these have been searched over and over again 
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without a trace of a Zamia leaf being fonnd, and there seems to be no more reason for suppose 
ing them freshwater than some otlrar beds in which ammonites occur l^ing among a. mass of 
vegetable remains, tlie woody fibre of which is generally distinguishable, though ollen 
obliterated by carbonisation. 

Such intimate association of the Zamia with marine forms has not, it is true, been dis- 
covered, but nevertheless it may not be unreasmiRble to suppose that these plants were fioated 
out from laud, and deposited by the sea at depths nnsnited to the marine life of the period or 
at localities where this was from other pauses absent As Mr. Bknford has observed in the 
paper above mentioned, * no sudden change in the rocks nor any unconformity has been found 
to mark the transition from a salt to a freehwater period ; * and while it is evident that land 
plants may be carried out to sea, though marine organisms cannot so I'eadily find their way 
into freshwater deposits, it is easier to believe that the whole of those salt Jurassic rocks 
are of marine origin than that repeated alternation of fresh and salt water beds takes place 
without any marked difference of character or aspeitt occurring in the rocks. 

It may also be observed that though there are but few evidently marine beds, and these 
not immediately associated with Zamia-bearing rocks in the upper part of the Jurassics 
seen, still these Zamia beds contain plants only, no freshwater shells, fish, nor animal remains 
occurring to contest the possibility of the containing rocks being of marine or perhaps 
estuarine formation. 

Great as is the thickness of the J orassic beds, it is that only of a portion of the group 
the base of which is not visible, and the upper beds being unconformably overlapped by tbe 
Bedded Trap, they may continue to increase in quantity beneath the latter much further than 
they can be observed. There are, however, some appearances, along their uppermost boundary, 
which may be slight indications that the Jurassic period was drawing to a close, and that 
the deposition of rocks much resembling some of their upper beds ushered in the commence- 
ment of the succeeding nnconformable tertiary group in those places at least where this 
succession was not Interrupted by the accumulation of the intervening Bedded Trap. 

Traps. 

By far the largest part of the trap rocks is referrible beyond a doubt to the 
same period as the vast stratified accumulation known as the Deccan Traps. Some of the 
lowest flows arc very thick, presenting few or no traces of bedding for more than 100 leet, 
hut further up this is as plain as all the other appearances, such as beds of rod bole, alterna- 
tions of amygdaloidal and columnar basaltic flows, presence of zeolites, and so forth, which 
characterise the formation elsewhere. The trap is sometimes magnetic, and among its Lower 
beds ashy sandstone or calcareous bands occasionally exist. In oue place near its local 
base an iuterstratified bed of friable red sandstone 30 feet in thickness was observed, and in 
another a small lenticular deposit of intertrappean calcareous rock containing small fish 
scales.* 

The flows or beds have a low steady southerly or south-westei'ly inclination, forming a 
wide hilly belt through the centre of more than the western half of the province, but their 
deposition does not seem to have extended to the place occiipied by the eastern extremity of 
the district. The thickness of ibis formation is much less than usual, being eBtima.t^ at 
about 2,500 feet. 

An obscure group of earthy sandstones formed largely of trappean materials, often 
indistinctly bedded and containing woody plant impressions, occurs in several places, having 
but indefinite relations to the lower part of the Bedded Traps, but resting quite nneon- 
formably on the Jorassic rocks and ofto close^ associated with masses of intrusive trap near 
which also wHte sandstone is often strongly colunmar. 

The inirudve occur chiefly in the Jurassic area, and probably mark some of the 

places from which those just mentioned issued. 

Th^ consist generally of augitic or basaltic traps varying in color (different black and 
grayish hues), and in teodure from a dose compact rock to one coarsely ciyttalline, the crystals 
of glassy felspar being interlaced, and tixe dee^y weathered soft light-colored surface taking 

* Within the last few days information has been obtained of the dlseovery by Mr. Fedden of intertrappean beds, 
rontainln? "Phym Priatapu, in the western extension of the trappean formation, fbmishinif still farther pf ooi of 
the identity of these with the Deccan Traps- 
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much the appearance of a syenite in similar condition. Fine muddy-looking or ashy trap, 
weathering to an dive-green minutely divided detritus, is anotlier variety. Some of the 
dykes, &e., are of fine-grained purple colored trap, with white steatitic sjpecks, a soit eai'thy 
or lava-like texture, are much less dense than the varieties abovementioned, and are some- 
times salt to the taste. " ^ 

With regard to the manner in which all th^se intrusive traps occur, nothing could well be 
more varied : dykes particularly numerous in some localities ; they also occur in 
faults, while local intrusions form hills projecting from the plains and J urassic broken ground, 
like knots in decaying wood. In such cases, their ouilines are either conical or combinations of 
this with steeply scarped forms. Some intrusions range through the country for many miles, 
presenting the most irregular lines both in plan and elevation, cutting across the aqueous 
strata, including large masses, intruded between them orfi^rming hills mther capped or under- 
laid by the Jurassic beds, or both one and the other, these being altered by the contact into 
various kinds of porcelainous or quartzitic rook, while one case oocurs where a whole stream 
^ section of the aqueous rocks seems to pass bv gradual intensity of alteration into solid trap 
* in which planes resembling the original bedding can be trac^ for some distance as if the 
strata had been melted in stiUy no marked difference of texture however existing in the trap, 
although the stratified rocks consist of alternations of calcareous sandy and thin shaly 
bands.* 

Other instances occur in which sandstone seems to have been completely melted and 
taken up by these traps ; the matrix having yielded first and the quartz fragments and grains 
gradually becoming more s^arated and disappearing until they are quite lost at aVeiy short 
distance in the dark trap. This can be seen m hand specimens. 

Generally speaking, these large intrusions have an intricacy of arrangement forming a 
tangle which defies all effort at accurate representation upon a map of small scale, and some- 
times their basaltic trap is so magnetic as to deprive compass bearings taken from these 
points of any value, the variation being of inconst^t amount. 

SUB-TEBTiaBY GBOUP.f 

As already stated, the Jurassics or Dogger beds of Kutch, consisting of a calcareous or 
sandy and shaly marine series below, passes upwards into alternations of more fep-ugiuous 
and more purely argillaceous and arenaceous beds, — in which land fossils (Zamisc, Ferns, &c.) 
are either rare or locally numerous, -^these forming what are at present considered an 
upper member of the same group. At some period subsequent to the Jurassic, not clearly 
marked, but arguing from local as well as distant sources of information (in the Deccan and 
at Bombay), probably an early Tertiary one, the volcanic activity which produced the Bedded 
Traps came into operation., Observations here only show that traps were extensively in- 
truded through the Jurassic rocks, and that other traps, very probably connected with these 
as centres of eruption, constitute a thick series resting with marked unconformity upon these 
Jurassic strata. 

But overlying the Bedded Traps and, where these are absent, the rocks upon which they 
rest, is a marked band of most peculif^ aspect, having, in cont^ with these traps, a very 
volcanic appearance, but one entirely different from theirs. Its predominant colors are deep 
red and pure white, but it is finely varied with purple, orange, greeiilsh, brown and black 
or blue tints, even brighter and more strongly contrasted than those of the Jurassic beds. 
Its lowest stratum in junction with tb^ uppermost of the trappean flows is a curiously 
mixed and mottled one, brecciated* ooncretio^ry on a large s^e, in places contaixiing 
small white quartz grains, but generally consisting of a pure ohalk-white or variegated 
purple and lavender, unctuous, argillacebus, rock occasionally saline and speckled with white 
kaolin patches, giving it the impearance of an amygdaloid, sometimes to such a de|;ree that 
it becomes undisunguishable m>m the pUtple trap round in several dykes among the Jurassic 
ro^. 


* Thispsssaaessitwsnof •tiatlfledintotntniiive amorohoos is so vezy peeollar that It may perhaps 
be deoeptive. A place where the alteration of the beds ceased laterally and the trap might be laid to cottmenoe was 
mglit mr ha vaitt, and the lines which may be, or at least simnlat^ original stratification apparently oonthmone with 
those of ^ unaltered bedded rook oe^ to be traceable beyond a few yards into the trap. 


t ^e ilaine 0ob-Teitiasy osed fibre b only proviakmaL An examination of the foaails will probably cause it to 
be A# another. It merely means tost the beds are below the highly fbssiliferous Nummolltic and other 

Tertiary tods tboogk above the Bedded Traps the IntertnqjpeaD beds m which airC believed to be of Lower 
Tertiary Age. 
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Along the line of junction with the underlying Bedded Traps their up])ormost layer is 
very commonly a greenish amygdaloid* also more or less generally concretionary, rusty or 
decomposed looking ; instances occurring in which the concretions of the mottled rock have 
been ibund to exhibit an apparent passage towards their centres from one variety to the 
other, the cores being formed of rusty amy^aloid quite similar to that beneath. lu other 
cases the lowest stratum of the mottled series or uppermost one of the trap is a pale green- 
ish earthy tri4>pean looking rock, not quite so conoretionaij as usual, with much of the 
external character of the mottled breccia, but containing yellowieh green steatitic amygdala. 
Where these sub-tertiaiy beds rest on the Jurassic rocks the pecuHar hrecciated white bed is 
seldom strongly developed, but still is frequently present. 

This breccia passes upwards within greater or less distance, as the bod is thick or thin, 
into gnarled and ponderous laterite of various red, black* brown and purple tints, either brec- 
dated or of the brick-like character so well known elsewhere.* Its junction with the white 
rook below often shows rough stalactitic looking masses of the laterite vertically penetrating 
the lower bed all along me line of contact as if inhltrated from above. In the same group 
are other bands of laterite and some vety coarse obliquely lamina^ white quartzose and 
ferruginous sandstone containing much of the white earth distin^shing the lower layer. 
Associated with these, but not always upon the same horizon exactly, are dml purple, brown 
and black, in some places highty ca^naoeous, gypseous or pyritous shales containing 
numerous impressions of large and small exogetums and endogefiotiB leaves. These occur also 
in hue flaggy pale lavender or white beds of the same group, but of uncertain place. 

Apparently among gypMOus reddish shales of this group a thin baud was found to 
contain Fasdolaria, Arca^ ^weula^ Cyprina and Feniw, which are not, hbwever, in such a 
state of preservation as to warrant more than an opinion at present that they may be of 
either cretaceous or eocene a^, while some bones of large reptiles, including part of a skull, 
have been found in very umilar shales and on what seems to be very nearly the same 
horizon. 

Close above these some brown flaggy sandstones containing a few shirk's teeth and shells 
and occasional beds of earthy orange mudstone begin to appear, and indicate the approach to 
othors abounding in tertiary fossils. 

The thickness of this group (the ‘ Red — New Red-san^tone' of Grant) varies much, from 
a mere band consisting of a few beds or only one, to a maximum, in some places, of between 
two and three hundred feet. Until the fossils have been examined, it is obviously difficult to 
say how much of this group may be of Tertiary age, if indeed it be not entirely so. It 
forms a marked basement to that series however, and where it rests upon the Jurassics without 
the intervening trap, its junction very commonly appears quite conformable, the line, however, 
being almost impossible to see when the gypseous shales of the one group overlie those of the 
other. 

Txbtiaby foematiok. 

As the Tertiary rocks are still undergoing examination, they can be but slightly noticed 
here, although they form a large and important feature in the geology of Kutch. 

Their prindpal development takes place in the southern half of the western side of 
the district, where they form wide rolling plains under which the beds undulate, wrapping 
round the western termination of the Jurassic and Trap formations, and appearing at intervals 
along the southern shore of the Runn, on the margin of at least one of its islands, and 
at a few spots in tlie eastern portion of the province. 

They consist, as a mass* of rubhly shales interstratified with yellow mudstone bands, 
and thick beds of sand or sandstone. Occasionally the mks become sufficiently calcareous 
to be cklled limestone, and most of those containing fossils are highly so— an agglomeration 
of shell-casts in an earthy or sandy calcareons matrix. 

Among the lower beds oysiert and tfU/rritella are partictilarly numerous, whole beds 
being forwd of the latter, and n flat echintLs {elypeoiter)^ being very oominon. 


* At some in fessf ern Kntdi the EAsrlte Is sssodsted vitli ^osatitlM of Agstee toth •» Kfe and left 

in a thick laMr by its wsatherinE doim, stmiigly refilling the eppensnoe of wme reiy simiiw groiind 
similarly sitn^ed near the base of the tertiary rocka la Gnzerat. 
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At a short distance above the base of the formation, on an average not more and oilen 
greatly less than 200 ieet vertically, are soft and harder white calcareous beds crowded with 
nummulitea and fa^ciolites, the former of several kinds, and associated with them are 
numerous echini, bivalves, 

The Nummulitic beds are generally nearly horizontal; they produce ground of singularly 
barren aspect, reminding one of the Egyptian desert, the white nummulites weathered 
out lying thickly upon the sui'&ce in place of soil, and from their abounding in that neighbour- 
hood being call^ by the native Lukput paisa. 

For several miles eastward of Lukput, along the edge of the Bunn, these rocks are 
brought against the Jurassics by a fault, and having followed the low ground round the 
western limits of Kutch they disappear for a considerable space in the countiy north and 
north by east of Jackow, but set in again in the low lands fuller east. 

In other parts of the low county, unoccupied by the Nummulitic group, highly fossili- 
ferous tertiary rocks abound, containing a large number and great variety of genera, includ- 
ing turritella, ostrea, conns, fitstLS, voluta, stromhus, natica, trochus, oliva, ccbssis, cerithvwm, 
scalarium, cyprcsa, halhnus, peoten; elypeaster, cidaris, Ac.: — of Crustacea, some well pre- 
served crabs, besides large bones and great molar teeth, and very many other interesting 
fossils, complete lists of which it is hoped will hereafter appear. 

The thickness of these rocks is not yet sufficiently clear to be stated, but is considerable, 
probably exceeding 500 or from that to 800 feet. 

It seems most likely that these Tertiary beds have been deposited in shallow water 
under shore conditions and subject to causes producing great irregularity of deposition. The 
occurrence of leaf beds in the group repeats the case of the Jurassic beds with regard to the 
alternation of &esh and salt water period, .and among the upper beds the predominance of 
sands almost devoid of organic remains indicates a different state of things from that under 
which the highly fossiliferous strata accumulated. 

Post-Tbbtiaet. 

In several places a coarse concrete is found containing numerous fossil oysters, generally 
of large size. It appears to^ rest unconformably upon the Tertia^ rocks, and may be i 
old member of the coast series or ** littoral concrete*’ of Western India. 

Other post-tertiary and superficial deposits, such as alluvium, blown sand, river concrete, 
and a rock much resembling the latter, found high uj^n the uanks of many of the hills, 
have merely to be mentioned, their occurrence here being in all respects similar to that 
in other lo^ities. 


Coal is often mentioned as occurring in Kuteh. Carbonaceous shales have been met with 
in several places both in the Jurassic and Tertiary rocks, but chiefly in the former, and 
these sometimes contain layers of bright coal. This is usually very tmn, forming but small 
parts of the bands quite too limited in thickness and extent (so far as known) to repay the 
cost of working. 

The largest layer, opened upon formerly at the village of Trombow, north-north-east of 
Bhooj, is now conceal^ oy the workings having fallen in. 

Alum is extracted in considerable quantities from the sub-tertiary shales of Western 
Kutch. 

Iron used to be made in various parts of the province, but the manufacture has ceased 
in consequence of the facility with which Foreign iron can be obtained. 


In ccmolusion, it remains only to be stated that several points of interest necessarily 
passed over in this hasty sketch have been re^rved for sulMsequent consideration in the 
report to accompany the map, data for which are still being collected. 

Amongst these are some fhcte tending to afford further proof of the association of 
aqneous deposits with the euiltest beds of the Stratified Trap, and also indications that their 
i^hest flows or beds were not much older than the lowest Tertiary rooks, if indeed some of 
them were not contemporaneous. 
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The ocearreiwe here of the persistent and well<marked band of laterite and its associ- 
ated white day or steatitic breaia, passing conformably upwards into the Tertiary beds, and 
less regmlarly, but ^ still with an appearance of transition, into some of the bedded traps 
below, though differing from certain of the frets observed in the country north-east of Sural, 
may possibly modify some of the conclusions with regard to the more obscure occurrence 
of the same three groups, L c., the bedded traps, lateritic beds, and Tertiary rocks ol' 
Guzerat, or may, at least, confirm the impression of the volcanic activity which produced 
the bedded traps dating from early Tertiary times^ 

If, in the absence of fossils, lithol^cal similarity be admitted as evidence, it may be 
possible ^at some of the white felspathic sandstones, considered as Upper Jurassic, overlying 
the Zamia-beds of Kutch, may represent some of the frequently similar looking Mahadeva 
or Bftgh beds of Central India and the Nerbudda Valley. 

The evidence for a Jurassic age comes chiefly from the lower part of the Berios, which 
is certainly marine so far, and the oocun*ence therein of a band of shale containing Zamim 
may bear the explanation before suggested, but at present the discussion of these points is 
almost premature. 

April, 1869. 


Much interest having been excited in the history of the Nicobar Islands, which have 
recently been taken possession of in the name of Her Majesty the Queen of England, I have 
thought it desirable to print here a brief summary of all that is known regarding their 
geological structure. This could most effectively be done, by giving a translation of the 
reports of Dr. F. v. Hochstetter, who accompanied the Austrian * JNovara expedition as 
geologist. Dr. Stoliezka, long a colleague and friend of Hochstetter* s, has translated this 
report. The geological portion is given nearly at full. The part relating to the vegetation 
and its connection with the soils, however interesting to those who have never seen a tropical 
vegetation, contains little that would be new to residents in this country ; and only a few 
extracts are given. A few remarks on springs and temperature conclude the paper. 

The geology of the Nicobars has many points of the highest interest to the Indian geo- 
logist, as bearing on the structure of the adjoining Andamans, and the continuation of the 
same features into Burmah and northwards, on which connection some information will be 
given in future numbers. T. 0. 


OoNTEiBUTioNs to the Geology ani> Physical Geography op the Nicobar Islands, 
by Dr. F. von Hochstetter, (translated by Dr. F. Stoliczka, from the “ Voyage 
of the Austrian Frigate Novara round tile world in 1857-185fr*^ Geological part, 
voL, pp. 83-112. Vienna, 1866). 

The Nicobar islands (PI. 3.) belong to an area of etevatiou which can be traced from the 
Bay of Bengal far into the southern seas. Beginning under the 18th degree north latitude in 
the group of the Cheduba and Beguain island on the coast of Arracan, passing through the 
Andamans and Nicobars, then continuing through Java, Sumatra, and the south-western 
group of the Sunda islands, this line of elevation bends in an oblique S-form through 
New Guinea, to the north of the Australian continent, and forms in New Ireland, the 
Solomon Islands, New Hebrides and New Zealand a curve, concave towards the west, the small 
group of the Macquarie i^nds being possibly considered as the extreme southern end of 
this curve. Winding from the northern into the southern hemisphere through 70 degrees of 
latitude, this line, or area, is characterized as one of elevation by two phenomiena, totally 
different in their nature, but nevertheless equally gi^nd, and in certain remets related to each 
other. These phenomena axe, first, the activity of the interior of the earth, showi^ itself in 
the volcanic action ; and secondly, the actiyity of the coralline animaJs, disposing itimlf in the 
formation of that kind of coral reefs which Darwin has distinguished from the barrier or 
lagoon reefs under the name of fringing or coast reefs. 

Both phenomena, the volcanic action with its elevatory power, and the fomation of 
<’oast reefs, are, in certain respects, related to each other, as has been placed beyond a doubt 
by Darwin's observations, altbougb both do not appeal* together dong dl parts of tbit area. 
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In the soutlj(‘rn cxtra-tropical latitudes, where coralline life does not exist on that large scale, 
the volcanic action is the only marked one, and equally so in tropical latitudes to the north of 
the equator, — where that a<;tion is locally %vaiiting, — the peculiar formation of coral reefs must 
he considered as the principal argument for the continuation of this line of elevation. This 
is the case at the Nicobai* islands. 

These islands occupy a gap without volcanoes, between the volcanic mnge of Sumatra, 
and the Barren and Narcondam islands, which lie to the east of the Andamans. 

Whatever may be hidden in the interior of the Nicobar islands, covered with perfectly 
iinpentdrahle primeval forests and grassy plains, the occurrence of younger volcanic rocks is 
the least probublc. Although I have found on the porth side of Car-Nicohar, the northern- 
ifiost of the islands, two pieces of a porous has^tic ruck, the size of a man's hand, in a 
course* gravel in the forest near the village Mus, and a larger angular fragment in the coral 
sand t)u the strand near the villag(' Saui, still there is more I’oason to believe that these 
fragments wore transpf)rted to the coast of Car-Nicobar in the roots of stranded trees,* 
or even that they were remains from the travelling bags of the Danish naturalists of the 
Oorvotte Galalhchf — who in 184(1, shortly before they landed on Car-Nicobar, visited the 
volcanic Barren island, — than that they came from the interior of the island. 1 have in 
vain searched Jbr similar ])ieces in the stream- and river-gravels of Car-Nicobar, and 1 
have not met with them on any of the other islands on which we landed. 

On tin* other hand, the Nicobar isknds are distinctly characterized as a portion of the 
chain of oceanic elevations, which began in former geological periods and still continues, by 
1 lie uplujaved coral banlis and by the continuous formation of coral reefs, which slowly, but 
in the course of hundreds and thousands of years perceptibly, enlarge the territoiy of the 
Islands. 

Tlie Aiistral-Asiatic area of elevation, above indicated in its eniire extent, has in the 
Nii*obars a mean direction to north -20°-wcst or from south-south-cast to north-north-west, 
possessing a length of 148 Engl. (=37 (xcr. gcogr.) miles, and a -width of 10 Engl. (=4geogT.) 
miles. This clircction indicates at the same time the strike of the stra.ta on all the islands, 
while the* dip is eilhe.r towards east or west. The synclinals and anticlinals in the geological 
structure of the islands are thus coinciilenl with the direction of the great geological line of 
elevation which connects the northern point of Sumatra with the group of the Andaman 
islands. 

The tfital area of all th(? islands is calculah^d to be 33 to 34 Gennan (geogr.) squai'c 
miles (equal to about 528 — 544 Engl.). 

1 . — Geological Formations, 

To render pro])erly intelligible the results which will be given in the following pages, I 
may I’C permitted to make a few preliminary remarks. 

Jt is at present extremely difficult to make any detailed geological observations on 
the Nicobar islands. Out‘ is limited to the sea coast, as impenetrable forests and grassy 
})lain8 make the interior of the islands pQifectly inaccessihlo and hide the rocks. On 
the northern smaller island, this (jircumstaiice is of less importance, because the extent of 
the rocks through the wh(de island can easily Ik* ascertained, as soon as it is possible to 
f)bserve them on two opposite sides of the coast in the same stratigraphical rtdation. The 
case is different with the southern larger islands, Sambclong or (ire at Nicobar has an 
area of 17^ geogrephical square miles, and is larger than all the other islands put together; 
it offers in the mountain ranges (rising up to 2,000 feet), and deep valleys, such a variety 
in the c-on figuration of the ground, that it is impossible to suppose that what is to be 
seen on one or the other jioint at the coast should be characteristic for the whole island. 
The mouths ol’ rivers being generally occupied by mangrove swamps, it is even impossible 
to come to any conclusions from gravels as to Bie rock which is to he found in the interior. 
But even on the coast llieie are great obstacles to geological investigation. Wierever the 
inquiring eye of the geologist observes promising clifra, there breakers make it generally 
impossible to laud, and where landing can be effected, we usually meet only a flat coast. 

• CIiaT«is'40 i}in uf Himea in tho roote orsfranilcd Ir^os on tlie Ilatlek group, and Parwin 

a esauiple i'r^in the iK.iatidS' (Parwiu's natural history travels, part II, p- 24:i)' 
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Thus 0110 is liroitod in his obsorvatious to the few points, where dnrinp; low water it b«;eoiiws 
practicable to reacli from tJie sandy shore some rocky promontory ; and even under Iho 
best circumstances I was always restricted to that part of the coast on which the trij^ato 
anchored, for no amount of promises and offers could induce the natives to undertake longer 
trips with their canoes, neither was it possible to obtain a boat from the frigate at my 
disposal. I hope that other geologists, who may in future visit these islands, will be more 
successful in this respect. 

My observations were thcu’elbre confined to the following places 

1. ’North- wester n coast of Car-Nicohar. — A low precipitous coast accessible along 
its entire extent. Thick day beds, with some more solid strata of^andstone, containing 
FncoidSf are on this coast overlaid by upheaved coral hanks (coral ^glomerate and coral 
sandstone) ; these are in sonic places still in direct communication with living coast reefs. 

2. Southern Hay of Car-Nicohar, — Flat coral ground with fringing reefs, and at 
tlie breakers banks of a recent sandstone. 

3. Nomra Bay on the west coast of Till angc hong, — Precipitously rising cliffs of 
serpentine and gabbro conglomerate ; at the breakers' coast reefs. 

4. Chminel between Camorta and Nancowry, or the Nancowry JTaven, — A deep 
iransverse cleft through yellow (day-marls containing magnesia, alternating with beds of ser- 
pentine' and gahhro traps, and pierced through by serpentine and gabbro. A long stretching 
coral reef formation exists in the channel, hut coral ground is very hmited. 

o. The small islands Trice and Trade, north of Little Nicobar \ precipitously 
upheaved; clayey sandstone beds with imbedded pieces of bituminous biwncoal; (nmil and 
conglomerate banks and fringing reefs. 

6. Palo Milu, — A small island on the north side of Little Nicobar, consisting of 
strongly rais(id sandstone beds, with Hat coral ground, fresh water alluvium, and fringing 
rtjefs round the whole island. 

7. Island JCoudttl ow the north side of Great Nicobar, — Sandstone, sandy slates, 
and bt^ds of clay-marl alt(jruating with each other, flat coral ground of' very limited extent, 
fresh water alluvium, and fringing reefs. 

8. A small hay on the northern coast of Great Nicobar, — Sandstone hills, sal t-and 
brackish-water swamps. 

9. East side of the southern hay (Galathea Bay) of Great Nicobar, in which 
flows the Galathea river; sandstone mountains; flat coral ground, coral and ccmjrlomcratc' 
formation at the level of the breakers, fringing reefs ; pebbles of hitumiuous coal on%he strand, 

These places are, with the exception of Car-Ni cobar, the same as were seen by the 
Danish geologist Dr. Rink, accompanying the expedition of the Danish Corvoite Galathea 
in 1840, and were, beside many others in the Archipelago, visited by him during a stay 
of four months, describ(?d in a special work.* 

As to scientific impiiry, I left the Nicobars quite unsatisfied in spite of tlie iMmiparatively 
long time of one month whmh we spent in their wafers ; I know well how little my own obser- 
vations increase the geological knowledge of the islands, for which we are ind(?bted to Dr. Rink ; 
for just the grandest objecjts, the islands Terressa^ Little and Great Nicobar remained 
for me totally a terra incognita. But i am conscious U) have done ev(*ry thing that it was 
possible to do under the circumstances, and in this point of view the few observations I can 
offer must be criticised. 

Car-Nicohar a low island, the average height of which above the level of the sea 
amounts to ifcout 45 feet ; only two ridges, which may be from 180 to 2(X) feet high, rise in 
the interior above the forest covering nearly the whole island. The west, south, and (»ast, 
coasts are flat and sandy, and the north-west and south-east monsoons accumulate upon 
them gradually higher and higher fragments of corals and shells, which pass over the 
fringing reefs surrounding the whole island. The south coast is in part swampy, only the 
northern or rather the north-western coast, fonhingthe shore of the bay of' Saui, is precipitous, 
allowing a view of the geological structure of the island *, the section of this coast is given 

* Die Nikubariseben Inseln, eiue geogrsphische Skiiezo, mit specieller Beiuchsichtigting (ier tieognosie, 
Koyenhpgeu, 1847. (The Nicobar islaudfl, a geographical sketch with special reference to geoJogvl- 
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in the sketch PI. 4. Fig. 1.— Bhore of the Bay of Saui. 1, Loose coral and shelU 
sand : 2, Dead coral-banks : 3, Indurated rock-beds of dead corals and shell-sand : 4, Plas- 
tioclay with hands of sandstone. — 

The eastern shore of the bay gradually rises from north towards south up to a height of 
about 60 feet, and includes two small lateral bays in which massive banks of & ci^y crop 
out below upheaved coral banks which form the projecting corners of the olin. It is very 
characteristic that the boundary of the calcareous and clay strata on the surface of the coast 
terrace is at the same time a sh^ limit of vegetatioiH inasmuch as on the clayey ground the 
cocoa-palm is r^laced by Pandanus, Casuarina and grass, torming locally quite extensive 
CTassy plains. The clay deposits, without auy distinct stratification, show a cubical cleavage. 
The prevailing color #3 light-gray, only single bands are darker colored, others are ferru- 
ginous, containing numerous day-ironstone nodules. The clay is a little calcareous, effer- 
vescing with acids. In the southern lateral bay also appears between the clay beds a 
more solid stratum from two to three feet thick, and from its projecting part larger 
and smaller plates are broken off. On one of these plates I observed the impression 
of a large species of Fucus ( Chondrites Nikobarensis, Hochst.) The strike of the strata 
is from south-south-east to north -north- west in both bays, the greatest thickness observable 
in the strata amounts to 20 or 30 feet. This day deposit on the northern coast of Car - 
Nicobar is characterised as a marine formation by the numerous Fm*amintfera which it 
contains, but I did not succeed in finding ai\y recomizable remains of Mollusca^ except 
indistinct and badly preserved bivalves (Pelecypodafr 

Farther towards the south, the day beds again sink under the level of the sea, and in their 
place again appear .coral banks, the precipitous coast becoming constantly higher, but at the 
same time gradually more inaccessible. On this coast the sea has washed out deep hollows, 
and the coral -banks are overlaid hy massive banks of a white rock consisting of shell and coral 
sand, and being rather soft on the weathered surface. On the Areca river, in the innermost 
corner of the bay of Saui, the plateau of about 60 feet rapidly terminates with a fault, and 
the southern shore of the bay only exhibits a flat sandy strand richly overgrown with cocoa 
trees, being at the same time thickly populated. Judging from a few lumps in the 
gravel which I found on the northern as well as on the southern side, 1 conclude that there 
is somewhere in the interior of the island a gray fine-grained sandstone with little flakes 
of white mica and also a compact limestone in situ. The natives use the sandstone from the 
gravels as grinding stones. 

Batty Malve is a small rocky island with precipitous shores all round. It rises on the 
south-eastern and eastern side in two terraces to about 160 feet. On the western and north- 
western side, it runs into a low flat cliff ; judging from a distance of two or three nautical 
miles — we did not come nearer— the island is inaccessible. The extreme shore seemed to be 
covered wnth grass only, the interior was a low jungle, the crown of cocoa-palm bein^ here 
and there visible at its margin. Only opposite Car-Nicobar can the island ^ve an 
impression of a “ relatively bare rock,” as Steen Billet says. — The rocks to be found on the 
island are most probably the same as those of Car-Nicobar. 

Tillanachong opposite Car-Nicobar, is a narrow mountainous island with 
precipitous cliffs, stretching from north-west towards south-east ; it consists of two ragged 
mountain ranges separated by a depression of only 80 feet in depth. Where, on the south-east 
side, both ranges meet, a deep b^ is formed, which during the north-west monsoon offers an 
excellent place for anchorage. Ibe less precipitous souw-westem coast is accompanied by a 
f(w rocky cliffs, while the north-eastern coast is highly precipitous all along the i^ore. The 
highest hills are situated in the northern part of the island, apparently rising to an elevation 
of about 600 feet. Serpentine and gabbro form no doubt the great mass of the island. — PI. 4, 

2. — South-east coast of Tillanchong. 1, Coral-rocks; 2, Serpentine and Gabbro; 3, 
Breccia; 4, Sharply elevated rock-beds. — 

In the small bay on the south-western coast, the Novara bay, in which the frigate was 
lying at anchor for a few hours, the irregular and cliffed-Uke shores are composed of common 

♦ The do^ption of the very well preeervod Fonmin\fera from the above described clayey beds was undertaken 
by pr. K. ^bwager. His veiy valuable paper will be appended to this diapter of the Xicobar Islands, and for 
fhrtlier results 1 here refer to thm )>aper. 

t Captain Steen Bjlle wac Coiumauaer of the Danish ship T. O. . 
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Herpentine, often traversed with veins of bomstone, and the same is the case with the thickly 
wooded mountain slopes, as far as could be observed in the small rocky beds of streams. 
The shore exhibited a very threat variety in the color of the serpentine, jasper and hornstone 
pebbles : besides these, however, there were noticed also numerous pebbles of a dark green 
diallage rock, which must no doubt be in dtu somewhere on the same coast at no great 
distance. 

From the angular fragments of serpentine and other masses in the course of decom- 
position, a ferruginous breccia is formed at the foot of the hills» while in the breakers the 
serpentine graves are being cemented by coral and sheUv sand forming solid sandstone and 
conglomerate banks which recall the Vei'de-antique, (Ophicalcite). The plateau of the coast- 
reefs extends 2 to 300 feet from the precipitous shore into the sea. Th# whole of the island 
was covered with thick primeval for^ which thrives well, even on the serpentine ground. 

In passing along there were observed on the southern part of the island and on the 
eastern coast thin-bedded rocks with a high dip ; these were in massive cliffs almost perpen- 
dicular in the south-eastern bay with a columnar structure; their true nature remained, 
however, unknown to me, for I was unfortunately obliged to use the telescope in place of the 
geological hammer. 

Camorta, Trinhut^ Nancotory with KatcJiall form the middle group of the 
Nicobar islands. Trinkut is situated in front of the eastern entrance of a channel between 
Camorta and Nancowry ; it is a low island surrounded by coral reefs, and on its southern 
coast whitish-yellow argillaceous marls crop out. Camorta KtM^Nancowry exhibit a greater 
variety of formation. — PI. 4, Fig. 3. — Sections of Camorta and Trinhut, 1, Gabbro and 
Serpentine; 2, Breccia and tufa; 3, Clay marl with sandy beds; 4, Coral-rocks. — ^The 
channel between the two islands, the Nancowry ha.ven, has numerous small bays and 
corresponds with a transverse cleft, while the Trinkut channel is a longitudinal cleft. The 
precipitous shores of the former offer, therefore, the most instructive geological section. 

The narrow western entrance to the Nancowry channel is marked by two projecting 
rocks, which have been washed out by the force of the waves, making thus a nature gateway 
of rocks. Both cliffs rising almost perpendicularly to about 80 feet, are formed of a coarse 
breccia, composed of angular fragments of serpentine and gabbro* firmly cemented. I could 
not observe any stratification in Biis rock on the Camorta side ; it is here in cliffs with large 
quadrangular blocks. On the Nancowry side, however, coarser bands alternate with finer 
tufa-like ones, with a strike from south-south-east to north-north- west and dipping about 85 
degrees towards west. On the Camorta side, there crop out at two places oelow heaps of 
masses of rocks, which Kink very properly regarded as friction-breccias, cliffs of a more 
or less serpentine or gabbro-like massive rock. 

Among the pebbles on the strand, 1 also met with numerous fragments of a reddish- 
brown rock traversed by white calcite veins, the rock which Kink called Eurite. 

These phenomena at the western entrance to the Nancowry-haven are thus perfectly 
identical with those which Kink has observed at the entrance of the Ulala bay, situated only 
a few miles to the north ; they are represented (1. c. p. 68) by Kink in a se^ion.^ Further 
to the north the mostly bare hills on the west coast of Camorta, recalling by their external 
shape conical volcanic forms, attain a height of from 4 to 500 feet ; they no doubt indicate 
the further extension of the serpentine and gabbro-rocks, which on Camorta and Nancowry 
are traversed irom south-south-east to north-north-west by a longitudinal cleft. 

In the interior of the N anco wry haven, wherever the rocks are exposed on the project- 
ing angles, they appear to be well-bedded, whitish-yellow, clayey marls, alternating with 
banks of a fine-grained sandstone, with serpentine and gabbro tufas. 

Most instructive in this respect is the precipitous south-eastern comer of Camorta at 
which the coast lino bends into the Trinkut channel. The argillaceous marl formation is 
here well exposed in cliffs of ftom 30 to 80 feet high. On the southern side of the corner 
the transverse section of the strata con be observed, dipping at 25*^ to 30° towards west, while 
on the eastern side, parallel to the longitudinal bre^, the beds crop out horizontally one 
above the other. The argillaceous marl does not contain fossils, is of a yellowish white color, 

* Oabbro is a rock composed of diallaffe, smaragdite or hyperstheno with labradoxite or sa^nurite, and often 
some other minerals in an irregular mixture. 
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and on tlie pei'pendieular walls i1 was covered vnth iiicli-long, white, voiy thin, crystals ol' a 
silky lustre. The ex^iniiiiation of these showed them to be sulphate of inagnesm. The 
clay itself contains, accordinj? to Rink’s analysis, besides silicate of alumina, h*on-oxide 
an^ magnesia. 

The whitish-yellow clay marls of Camorta and Nancowry being entirely free of lime 
liave become famous since Professor Ehrenberg (Berl. Akad. Monatsberichte 1860, p. 476), by 
an examination of the samples brought by Dr. Rink, has shown that they are true 'Polycistvm- 
marls, like those of the Barbados. Ehrenberg discovered in 1848 about 300 species, which 
were by Professor Forbes believed to belong to miocene (tertiary) deposits. Ehrenberg says : 
“Especially well developed is this material on Camorta, where, near Prederickshaven, a 
hill 300 feet high is covered all over with variegated Po/ym^/wa-clay, while the Mongkata 
hills on the eastern side of the island are according to Rink entirely composed of a whitish- 
clay resembling meerschaum ; this is, according to my analysis, a nearly pure agglomerate 
of beautiful Polycistina and their fragments, beside numerous Sponyiolites”* The species of 
PolycMna on the Nicohars are, according to Ehrenberg, the same which compose the 
similar marl on the Barbados, situated in nearly the same latitude ; but there are also some 
new forms. 

Near the level of the sea, the clay marls, which locally contain angular fre^pnents of 
serpentine and gabbro, alternate with more solid strata of a psephitic rock, which is com- 
posed of strongly-cemented angular fragments of serpentine and gabbro, and can therelbro 
he best designated as gabbro-tufa. It is remarkable that this rock again includes larger 
and smaller pieces of the clay marl. On the eastern coast, near the village In aka (Eiiaca) 
a reddish micaceous sandstone aj)pears between the clay marls. 

Similar are the geological conditions on the northern coast of Nancowry. Between the 
villages Iniiang and Malacca, the whitish-yellow clay marls crop out in slightly inclined 
strata ; between Malacca and Injaong, however, lies a precipitous cliff, on which these strata 
rise almost perpendicular, and are graxiually replaced by an accumulation of fragments of 
serpentine and gabbro. At the projecting corner itself, the traveller faces a precipitous 
din of about 60 feet in height, but being cracked and decomposed, the -true nature oi‘ 
the rock is recognised with difficulty. On a fresh fracture, however, one soon observes a 
massive diallage rock, the laminai' diallage being clearly traceable in the nearly solid mass 
of* felspar. Narrow veins of quartz pass through iho rock. 

From here up to the village Injaong the strand is again fla-tter, and nowhere nearer 
than on the other side of the village high, dark-colored, rocks are a second time visible, 
indicating a massive rock. These are the two places which Rink also has marked on his 
maps as pliitouic rocks. 

Trice and Trade , — On the north-western point of the small island Trice, highly iip- 
heaved hanks of a fine^gridned argillaceous sandstone of a greenish-grey color form a 
low jjjrecipLtous shore. The same stratified rocks alternate with thin-bedded sandy slates, 
showing on the south-eastern coast margin of the small island Track, only a few cables 
length distant, the accompanying section. PI. 4, Fig. 4. Besides a fault, the strata form 
a saddle and strike from south-south-east to north-north- west. In a sandstone bank I found 
here imbedded a rolled fragment of a bituminous coal, the same of which 1 met with a larger 
but equally rolled fragment on the strand of the island Trice. Of coal seams there was, how- 
ever, no trace to be detected ; what might be mistaken for them from a distance was only the 
shadow of softer sandstone banks deeply weathered out, or the darker color of some strata. 

Pulo Milu . — A small island on the northern coast of Little Nicobar, which Dr. 
Rink has so excellently described in all its peculiarities, consists, in the higher parts, of a grey, 
fine-grained, mi(‘acoous and calcareous sandstone in massive banks. Very often spheroidal 
concretions are to he observed showing on the soft weathered surface like cannon balls. No 
trace of fossils could be found. The massive banks have thin-bedded sandy slates interstra^ 
tified. The strata strike from sonth-shuth-east to north-north- west, dipping to east at 
an angle of 46 degrees. Dr. Rink (loc. dt, p. 50) mentions a fossil resin in the sandstone 
of mDu. 

The result oL examination of a Nanoowry speoimeu is figured on Plate XXX VI of Ilhrciibcrg’a ‘Mikro- 
geologie,* 
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Pulo Milu wa« particularly iustructive for me, because the dependcuco ot tlic vcpfctatioii 
on the soil and its ^eolofj^ical basis could be perfectly well recognised. The vegetation and 
the geological formation of the ground stand in the closest relation to each other, as clearly 
shown by the accompanying sketch plan. The sandstone hills are covered with jungle ; the 
coral (calcareous) ground' with high forest trees; the saline, calcareous, sandy ground is occu- 
pied by %)coa-palms, and in the fresh water swamp on the declivity of the hill range, which 
resembles in its curve a horse shoe, thrives the finest forest of Panaanus which we have scon 
on the Nicobar Islands. — PI. 4, Fig. 6. Plan of the island of Pulo Milu. 1, Sandstone 
with bushy forest ; 2, Coral conglomerate, with high tree forest ; 3, Coral and shell sand, with 
forest of cocoa-nut trees ; 4, Coast reefs ; 6, Fresh water alluvium, with forest of Pandanm. 
PI. 4. Fig. 6 , Section of same island on line A. B. Fig^ 6 . 

We have not visited the coast of Little Nicobar, the mountains of which rise to l,0(X) 
feet elevation above the sea. 

Kondul — between Little and Great Nicobar, — consists of a hilly ridge, IJ nautical 
miles long and \ mile broad ; its strata strike north-north-west., and dip at 70® towards east. 
The western side is the precipitous one. The strata represent an alternation of more or less 
sandy or clayey beds. The sandstone predominates, yellowish- white, with ferruginous 
reddish-brown particles. The clayey beds partly consist of a greasy plastic clay, partly <^1* a 
crumbling yellowish clay marl, with intercalated thin-bedded sandy slates. The only organic 
remains w’hich I found were indistinct traces of Algts and small rolled Iragnicnts of ccjal. 

Great Nieohar. — What shall I report of Great Nicobar? With the exception of 
some sandslone hills on the northern coast, and the sandstone ranges on the eastern side of the 
Galathea Bay in the south, I have not seen anything. Great Nicobar, with its moun- 
tains rising up to 2,000 feet, is geologically quite a terra incognita. 

A very remarkable earthquake, which is said to have lasted from the 31st of October to 
the 5th December, 1^47, on the Nicobar Islands, at which time also earthquakes occurred in 
the middle and western part of Java, is described from the Penang Gazette in Junghuhns 
Java (part II, p. 910). On this occasion fire is said to have been seen on one of the 
mouniauis of Great Nicobar. 

Can the highest mountain of Great Nicobar be a volcano P Its form is that of a volcano, 
l)\it as Juiighuhn says that one could land on the southern coast of J ava, wander about many 
days among sandstone and slate rocks, without obtaining through any of the phenomena 
even a trace of the stupendous volcanic nature of Java; in the same way there may be in 
tlie interior of Great Nicobar, rock-formations hidden, of which one does not get an idea 
along tlie coast. However, I do not attach any importance to the rumour that fire has been 
s«‘cn on Great Nicobar, though the description of the earthquake seems trustworthy, 
as I had myself occasion to observe on Kondul the mountain-slips referred to in the account. 


These few observations, combined with those of Dr. Rink, give tis the following, though 
probably still very iin])erfect, idea of the geological nature of the Nicobar Islands. 

Ajnong the various geological formations on the Nicobar Islands, three are the most 
important ; — 1, An eruptive serpentine and gahhro formation ; 2, Marine deposits, probably 
of a younger tertiary ago, consisting of sandstone, slates, clay marls and plastic clay ; 
Mecent coral ref formations. 

The serj)entine and gabbro formation of the Nicobar s is characteristically of an erup- 
tive nature. The tertiary sandstones, slates and clay-marls appear forcibly broken through ; 
their strata are partly incliired, partly bent in flat, parallel, wave-like, undulations. These 
rocks are accompanied by coarser and finer breccias composed of angular fragments of these 
same rocks, and they can partly be regarded as friction-breccias, partly as sedimentary 
tufas in which beds of an argillaceous marl are interstratified. The eruption of these plutonic 
uiassea appears, therefore, to fall in a time when the formation of the marine deposits was 
partially completed, partially still in progress. They broke through, on lines of fracture of which 
llie principal strike from south-south-east to north-north-west agrees with the longitudinal cx- 
tfuision of the islands. On the middle islands, the serpentine and gahhro attain their greatest- 
development; on Tillangchong, Terressa, Bompoka, Camorta and Na-iieowry they 
form bare hill-ranges of from 2,500 feet elevation, and their configuration often marvellously 
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resemblcB thoiso of younger volcanic formations. The elevatory power has, however, acted 
most strongly on the southern islands* and has here upheaved sandstones and slates probably 
to heights of 1*600 to 2,000 feet above the level of the sea ; on the low northern islands 
the same power was, on the contrary, weakest. 

With regard to Ihe sedimentary deposits,^ I may state that Rink called the amillaceous 
deposits of the northern islands ** older alluvium/' and the sandstones and slams of the 
southern islands “ brown-coal formation.” In separating them from each other, he considers 
the former as being derived finm plutonic rocks through chemical and mechanical decom- 
position, and as only of a local character. According to &is the archipelago of the Nicobar s 
18 divided by him into two geologically different groups,— an opinion with which I cannot 
agree. 

The clays and clay-marl formations of the northern islands, Car-Nicobar, Teressa, 
Bompoka, Camorta, Trinkut, Nancowry, and the sandstones and slates of the southern 
islands, Katchall, Littly and Great Nicobar, appear to be only petrographically different 
products of one and the sWe period of deposition. There are at the same time very few 
materials from which the age of the marine formations could be determined, as the only fossil 
remains which have been found in their strata are frag^ments of dmfi wood changed to brown 
coal, plant impressions resembling Fucoidg^ Foramin\fera and Folydstina, But all these 
remains indicate more or less distinctly a young tertiary age. 

The same conclusions are derived from a comparison with the geological conditions of 
those islands which He on the same line of elevation as the Nicobars ; 1 refer especially to 
Sumatra and Java. 

1 have not the least doubt that the clay-marl and sandstone formation has its perfect 
analogue among the tertiary deposits of J a v a, which I had myself the opportunity of studying 
and comparing in their distribution and lithological character. These became first known 
through the late Fr. Junghuhn, whose researches on the physical geography of Java are 
of such merit. 

Accoiding to Junghuhn, one-dith of the surface ground of Java is alluvial soil. This 
is especially prevalent on the northern side of the island, extending from the coast inwards 
either one, or sometimes five to ten English miles ; one-fifth of the island consists of volcanic 
cones, and their immediate vicinity where the lower rocks are covered up by volcanic products, 
^ese conical hills chiefly occupy the inteiior of the island, sometimes in a double range 
stretching from west to east ; while three^fffths of ^e area are occupied by tertiary rocks. 
Either in flat protuberances or in clod-like elevations, these tertiary rocks surround the 
volcanic range always on two sides, on the southern as well as on the northern. On the 
northern si&, the less highly upheaved tertiary strata underlie the alluviam, and therefore 
occupy on the surface a small area. In an unequally ‘greater degree, the tertiary dcp<»its arc 
developed on the southern side of the volcano, both as regards height and horizontal 
extent. They ore mostly visible split in clods (schollen) which always rise higher towards 
one side,— the north, or towards tne volcanoes, —and are at their highest edge upheaved to 2, 
3 and even to 4 thousand feet. It is also principally on the southern side that plutonic rocks 
occur in the neptunian deposits of Java, which are occasionally only represented by narrow 
and sharply defined veins, without any influence upon the structure and configuration of the 
surface ; sometimes, however, they form small hill ranges or isolated hills, similar to the 
serpentines and gabbros of the Nicobar islands. 

According to the reports of the Dutch Mining Engineer, Huguenin,* a repetition of 
the geological formations of the Nicobars appears to be met with in the Tiiletua Bay (the 
southern lateral bay of the Wynkoop Bay on the southern coast of Java). The prevalent 
formations h^ro are sandstone-conglomerate and highly developed greenstone-breccias, besides 
plutonic rocks of the greenstone group. From specimens which I had an bpportunity of 
seeing in the local roUection at Beutenzorg, I found that these plutonic rocks are serpentines, 
gabbros and aphanites, exactly similar to those of the Nicobars. Equally identical appears 
to be the cbalk-wbite clay-marl in tbe middle portion of Bantan, and the fine white marls 
in tbe southern ^rtion of Tjidamar, mentioned by Junghuhn (loc. cit., p. 13), with those 
occurring on the ]^i cobar islands. 




' Ksturtciindigf Tijdschrilt vooT NcderisndiBch Indie, Thdl Xll, p. 110, 1850. 
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At the time of my stay In Java (1858), and from all 1 could find described, as well as 
from mj own observation, I came to the conclusion that in the tertiary deposits of Java two 
principal groups can be distinguished, setting aside the limestone formation, the proper place 
of which m the system of Javanese deposits is as yet doubtful:* 1. A lower co<u-hearing 
grimp : numerous workable seams of brown coal are imbedded in quartzose nou-calcareous 
sandstone ' and slate-clay with silicified stems of trees ; marine shells are very rare, or absent. 
To this 1 referred the coal seams discovered by Junghuhn in the south-western part of Java, 
as also the coal formation on the Kapuas river in West Borneo, and the extensive coal 
districts in Southern and Eastern Borneo, finally the coal of Benkulen (Bencooleu) on 
Sumatra, and numerous other similar deposits scattered over the Indian Archipelago. 2. 
An ^ upper group without coal : a clay and sandstone formation with plastic clay-slates, 
argillaceous marls, calcareous sandstone, trachytic tufas, breccias and conglomerates, rich in 
marine shells, fossil plants, fossil resin, but merely with nests of coal in place of coal seams. 

Beasons, which I have given elsewhere, f have induced me to regard this complex group 
of strata as probably of Eocene age. This opinion may even now stand as regards the lower 
group, while as regards the upper group, I gl^ly accept the (minion of my friend Baron v. 
Bichthofon, and the conclusions derived by H. M. Jenkins, + from which these fossiliferous 
deposits appear to be younger Miocene. 

I suspect that to this upper Miocene group correspond the tertiary deposits of the 
Ni CO bar 8, although fossils confirming this suggestion have yet to be discovered. It is 
also beyond doubt that these deposits are not wanting on Sumatra, in certain respects a 
connecting link between J ava and the Nicobars. Junghuhn (loc. cit., p. 8) justly remarks : 
“ The tertiary formation appears to have a sub-marine extent over the whole of the Indian 
Archipelago, because wherever within this Archipelago the earth’s surface rises above tbe 
level of the sea, this neptunian formation is observable. I know this for certain as regards 
Northern Sumatra, where the tertiaries are especially found in the Batta districts (Batta 
landcrn). With the ex<;eption of the trachytic island Dungus Nasi all the islands in the 
Bay of Tapanuli (situated exactly in the prolongation of the Nicobars), besides the 
adjoining low shores of Sumatra, and partially also the mountains near Tuka, are composed 
of more oj' less upheaved sandstone strata, containing, though sometimes rarely, tertiary 
shells.” Thus it appears to be principally on the southern coast of Java and the south-west 
coast of Sumatra that we find a repetition of the geological conditions of the Nicobars. 

The commencement of the eruptive formation is in Java inaugurated by serpentine, gabbro » 
massive rocks resembling diorite (greenstone trachyttjs as in Hungary) ; more or less typical 
trachytic rocks follow, and the grand volcanic eruption extending dp to the present time 
from the termination of the enormous eruptive phenomena in the Indian Archipelago. 
At the same time it appears that the eruptive line has beim shifted slowly, on Java from 
south to north, and on Sumatra from south-west to north-east, so that this line would 
strike east as regards the Nicobar group in the same longitude in which east of the 
Andamans it reappears on the volcanic Barren Island and Narcondam. 

The young tertiary age of the serpentine and gabbro eruptions on the Nicobars and 
Java has its perfect analogue in the eruptions of the same rocks in Central Italy, which, 
according to Signor Perazzi, in Turin, and Prof. Savi, are partly Eocene, partly Miocene, and 
which, on account of their copper ores, are of importance to the miner. 

The third principal formation of the Nicobars are coral formations, belonging to the 
most recent or the present period. Coral banks of great thickness are found on C ar- Nico b ar , 
Bompoka and several other islands ; they consist partly of a compact coral limestone, partly 
of a coral or shell conglomerate, upheaved up to 30 and 40 feet above the present level ^ of 
the sea; on all the islands, the original area is to be observed enlarged by coral-land, which 
is only separated by the higher sand dunes along the shore, from the still continuing form- 
ation of the (X)ral reefs surrounding all the islands in the character of fringing reefs. 
Although these raised (M)ral banks are a decided evidence, in favor of the long continued 

• Accordinfif to Juughahu this limestone is the youn|?est of all tlit* fumiations, and is always to be Iboiul only in 
supernclal banks. 

t Reports on the doinas of the mining engineers in NctherlandB India (Jahrbuch dcr k. k. geoJ. ISoiohsanatalt, 
Wien, 1858, p. 277). * 

t Quart. Jour. Cieol, tioc., Loudon, feb., IBUL— f, Baron v. Kichthofeu, J&eitschnft der douUchcu gtol, Uescll- 
’ithaft. Bd. H, p. 327. 
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upheaval of ihe islands, -—that in connection with the eruption of the Berpentines and 
gabhroB, — ^the formation of the flat coral-land elevated only a few feet above the level of the 
aea can, on the other hand, be explained by the accumulation of coral fragments, of sand 
and shells by the waves and breahcrs on the shallow surface of the fringing reefs. A 
detailed description of the peculiarities of the Nicobar coral reefs and of the formation 
of the low coral-land has been already given by Eink. (loc. cii., p. 88, &c.). 

II. — On the occurrence of coal and othsr ue^ul rochs and minerals on the Nicobar 

Islands. 

The question regarding coal was the nrincipal point of inqmry during the first expe- 
dition to the Nicobar s, which was undertaken in 1845 by the banish Consul Mackey of 
Calcutta, the Englishman Jjcms and the two Danes Busch and XAwert. 

The solution of this ouestion was a second time the problem undertaken by Dr. Eink, 
as geologist with the royal Danish Corvette “ Galathea.'* The order of the day No. 6, which 
contained the instructions and directions for the survey and exploration of the Nicobar islands 
on the part of the scientific expedition of His Majesty's Erigate “Novara/’ made the reply 
to this question my duty also.* The facts on this point are as follows : — 

The results of the first expedition were confined to ihe discovery of single pieces of 
coal on the strand of the southern islands. Dr. Eink found several locahties of coal on differ- 
ent places of Little Nicobar, Trice, Milu and Kondul. “ These localities at which coal 
occurred proved, however, everywhere to be isolated masses varying from one to two inches in 
thickness.” The incorrect (as already stated) designation of “ brown coal formation” for the 
sandstones and slates of the southern island might have been the cause of misunderstanding ; 
but Kink himself (loc. cit., p. 63) expressed his results thus: — “There appears nothing 
found on the Nicobar islands which would correspond with the coal formations of South- 
Eastern Asia. The coal localities *werc met with here and there without any order 
either in sandstone or in slate, and appear to me therefore to be derived from driftwood 
which was deposited with the clay and sand. 1 nowhere found anything which could indicate 
an accumulation of plants in basin-like depressions, in which the plant would be grow- 
ing in situ and through which the suiToundmg masses of clay woulci be impregnated with 
oj'ganic ingredients and mixed with portions of plants. The question, therefore, still remains 
pending whether those brown coals occur in considerable quantity, as the quantity and size 
of the collected pebbles would seem to indicate.” 

I also did not succeed farther than finding single fragments of brown coal. 1'he first frag- 
ments were met with on the strand of the small island Trice; it was a brown coal with con- 
choidal fracture, but still with distinct structm’c of the wood. The pieces were all rolled, and 
the largest — S-inches long, 4-inchos broad and 2-incliPs thick — was bored by Pholadidee. I do 
not doubt that these pieces were derived from the beds of the sandstone or slate of Trice; but on 
the opposite island Track, I was fortunate to knock oiif of the sandstone, in situ, a small frag- 
ment of coal also rolled. Exactly in the same way J also found small fragments of brown coal 
on Kondul and on the south side of Great Nicobar, partly on the strand, partly on the 
sandstone or slate rock, and it is certain that these pieces occur all through the gi’oup of islands. 
The condition of all the brown coal fragments met with tends to show that they were only 
singly imbedded driftwood pieces, which were changed to coal, not that they belonged t.o 
large coal seams through the destruction of which they have come into younger strata. Only 
on the sfeand of Pulo Milu have J obtained pebbles of true coal with laminated structure, 
such as is only to be found in seams. It is, however, much more probable that these pieces of 
coal came from the steamer “ Ganges” accompanying the “ Galathea” in 1846, and stopping for 
some time about Pulo Milu, than that they were derived from coal seams on the Nicobars. 
I therefore entirely agree with Eink’s opinion, that so fai' as it is possible to make observa- 
tions nothing speaks in favor of the existence of true coal basins on the Nicobars, and that 
the occurrence of workable coal is not probable. However the area of Great and Little 
Nicobar is large enough to hide under the thick primeval forest formations of which no trace 


* This instruction runs Amtrdiiij? to the re]^ort of the naturalists of the Danish expedition, coal and pro- 

bably fdao precious metals occur.^ far as this may he veriAed, samplos in sufficient quantity ou^ht to be taken 
equally bo in ease of metals beina found. In general it is however to he reported, as regards geologieal ronditions. 
how far conclnsious can be drawn IVom the existing rocks a** to the occurrence of useful minerals, Ac. Of the river., 
and springs, the temperature should be measured, Ae.. Ac. 



PART ii.] 


Jlur/ifitetter^ Gcohyy of Nicobar h. 


<i9 


may ^ observed along the coast. Until the interior of these islands has been examined, the 
question regarding co^ on the Nicobar s cannot be answered in any other way than it was 
by the first expedition. 

Equally unfavorable must be tbe opinion regarding the occurrence of ores or other useful 
minerals. Nothing of the kind has yet been found on the Nicobars. Gold and useful 
minerals are partially rich on islands and along coasts which, viewed geologically, belong to 
the same area of elevation as the Nicobars, as T have already pointed out. llie natives 
who long ago observed those fragments of coal, who use ^lass pearls, silver fragments, &c., 
as ornaments, who know the plants and animals of their islands pretty weU, and who 
have for all more common phenomena., for all useful products of the animal and vegetable 
kingdom special names, these inhabitants have as yet found among the rocks of their islands 
nothing that they would be able to make use of for ornament or other useful purposes. The 
only traces of ore which I found were those of iron pyrites and copper pyrites, finely 
disseminated through dio];itic and serpentine-like ro<iks. The possibility of the occun*ence of 
copper ores in the eruptive formation cannot be denied ; however, no discovery has as yet 
been made which would indicate it. On the other hand, the islands are rich in useful building 
materials. The sandstones of the southern island must ^ve excellent working stones ; the 
plastic clays of the northern islands could no doubt be equally well worked into bricks or into 
pottery; the natives of Chowry make large pots of it. Finally lime is offered by the coral 
reefs in inexhaustible quantity along the coasts of all the islands. 

III . — The soil and its vegetation. 

[ Only brief extiw^ts of this section are (^iven. j 

Dr. Hochstetter states that vegetation in its original state always indicates the character 
of the soil, provided the atmospheric conditions are the same. This is, however, on the 
Nicobars, highly the case. * Neither the diiierence in latitude from the most northern to 
the most southern islands (2J degrees), nor the difterenco of the absolute elevation (the 
highest hiUs on Great Nicobar only attain aliout 2, 000 feet above the sea), is large enough 
to produce on the single islands, or parts of them, such a difierence in the climatal conditions, 
that on it alone an altered character of vegetation should depend. Rocks, soil and vegetation 
are, therefore, on the Nicobars in such a degree related to each other, that the areas marked 
on a map as indicating various rocks would almost coincide with those indicating the varieties 
of vegetation. Unfortunately the sketching out of such maps for the larger inaceessible 
islands is impossible ; to indicate it I can onfy attempt a representation of the small island 
Milu (PI. 4, Fig 6.) and the north-western bay of Little Nicobar.' 

‘ The results of these observations may be seen in the following tabular view : — 


Geological character of tbe underlyisg 
rock. 

Character of soil. 

Respective character of vege- 
tation. 

1. Salt and brackish swamp, damp 
marine alluvium. 

Swampy ground not capable of cultivation. 

Mangrove-forest. 

S. Coral conglomerate and coral sand, 
dry marine alluvium. 

Fertile oalcareous soil; principal cons- 
tituents, carbonate aud phosphate of 
Ume. 

Cocoa-palm forest. 

3. Coral conglomerate and coral sand 
beside diy flreshwater alluvium. 

Fertile calcareous sandy soil. 

Large forest trees. 

4. Preshwater swamp and damp fresh- 
water allavinm. 

Swampy ground, capable of being culti- 
vated. 

i 

PandanUB forest. 

6. Plastic clay, magnesian clay, marls 
and partially serpentine. 

• 

Not fertile clayey soil; principal consti- 
tuents, silicate of alumina and silicate 
of magnesia. 

1 

Grassy plains. 

3. Sandstone, slate, gabbro, dry river 
alluvium. 

liooee clayey, sandy soil, rich in alkalies 
and lime, very fertile 

Jangle (the true primeval 
forest). 
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* The Mangrove forest . — Several deep channels, rich in fishea and navigable by the 
canoes of the natiTes, occasionally extend in serpentine turns through these mangrove swamps. 
One meets not uncommonly at the end of such channels in a hidden locality villages of the 
natives, as for instance, on Trinkut the pirates’ village Dschanoba/ (Janoba). 

*The brackish- water alluvium, the ground of the Rhizophori and Cerithiat must, 
therefore be considered as a soU perfectly unfit for cultivation. It occupies only a small area 
as compared with that of the islands, but it is nevertheless of a mischievous importance. 
For it can justly be said that the ^icobars owe their unhealthy climate principally to ^ese 
brackish-water swamps, as they occasionally extend for miles from the mouths of the rivers 
into the interior. In these swampy districts, the change of the fresh to salt water causes a 
decay of the organisms, which can only exist in the former, the reverse takes place in salt 
water changing to fresh water. The ebb exposes large areas, and decomposition of the organic 
life takes place, filling the air with most poisonous miasmas.* 

Dr. Hochstettex says that he especially had opportunity of studying these marked 
changes on a grand scale on the northern coast of Great Nicobar (west of the Ganges harbour). 
On the other hand, the coral land appears to be fertile, capable of cultivation, and healthy at 
the same time, and the diy manne and ii*eshwater alluvium, to which on the sea coast 
l)elong the cocoa-palm forest, and fiirther inland extending to the back of the hills, a beautiful 
I'oresi of vajious hinds of large trees. This is the ground which the natives of these islands 
have selected for their abode, finding here all the necessaries of life. 

The cocoa-palm forest is described by Dr. Hochstetter as the picture of life, and he 
thinks that if the oocoa-palms had not been there, the islands would have been probably 
uninhabited up to this time. He further states that, taking the number of the inhabitants 
of all the islands to he 5,0CX), there would be about five and a half millions of nuts required 
for annual use. The annual export ^f cocoa-nuts can further be estimated as about ten 
millions, for Car -Nicobar alone exports between two and three millions. This gives fifteen 
and sixteen millions of cocoa-nuts to meet the annual demand. On the northern islands, the 
cocoa-palms occupy comparatively a larger area, while on the southern islands, especially on 
Great Nicobar, they are nearly altogether wanting. The northern islands are, therefore, the 
most thickly inhabited, and the cocoa-palms are there divided as property, but on the southern 
islands they appear to be the free, common, goods of all. 

‘ The Nicobarese not only lives on, but also in^ the cocoa-palm forest, having selected for 
himself not only the most comfortable place for his hut, hut being on the dry coral ground, 
exposed to the current of the wind, also the most healthy situation.^ 

‘ The high forest , — This is chiefly composed of large trees with rich foliage/ Several 
valuable tim^r trees, and others, useful on account of theii* fruits, are here mentioned. 

'The finest high forest I saw on the southern coast of Car -Nicobar.’ 

* The Pandanus forest, in which this remarkable tree suppresses all other vegetation, 
except a few Areca- and .8o^<i»^-palms, o^urs only on the swampy fresh-water alluvium 
along the course of rivers and streams, especially near the sea where the rivers form more or 
less permanent basins. Here it is Pandanus Milore, the largest kind of Pandanus, 
which forms the forests. 1 believe that what we saw of the Pandanus forest on Pulo Milu. 
was one of the most peculiar pictures of tropical vegetation seen during the whole of our 
journey.* 

* The Pandanus is not cultivated on the Nicobars ; it is most flourishing in a wild state, 
and is, after the cocoa-palm, the most important plant for the natives as regards fo^ : it is 
the truly charactensiic plant of the Nicobar islands. 

' Grassy plains . — If one has succeeded in marching from the flat coral-land through 
the high and Pandanus forests, he generally reaches Sie foot of hills, rising on the larger 
southern islands, on Great and Little Nicobar to a height of 1,000 to 2,000 feet above the 
sea, but on the northern islands they are iiot above 500-600 feet This hilly land certainly 
oocupies to of the whole area. It u composed of rooks of the gabbro and serpentine 
formation, and of the clayey and sandT^rtiary beds formerly notioi^. The eruptive roiks 
are comparatively of sm^hextent. Where felspathic gah^ forms the ground, this being 
produced by the decomposition of the rooks may be said to he fertile, it is covered with thick 
torest, but even the serpentine island Tillang-chong has a flourishing primeval forest. On 
the other hand, a remarkable difference is perceptible in the vegetation of the tertiai-y ground.* 
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‘ The hills of the northern islands are to a great extent only covered with grass, those of 
the southern, however, chiefly with a thick forest vegetation. This distinction rests upon an 
essential difference in the composition of the ground. The hills of the northern islands 
consist of a sterile ar^aceous soil, those of ^e southern islands, on the contrary, of a fertile 
calcareous, sandy-argillaceous soil/ 

‘ Where the most favorable tropical climate could produce nothing else, but stiff and dry 
Lalang-CTass (Imperata), and rough Cyperacese (Scleria, Oyperus, DiplaceumJ, surely there 
nature has clearly enough left the stamp of sterility, yet just between such grassy hills, 
which from a distance look so homely resembling flelds of com, have the colonists on the 
Nancowry channel built their houses and gardens. The grass grows now high enough above 
their bunal grounds ; the breakers play with the bricks with which they built the houses ; 
gardens and fields, every path has disappeared. OnCar-Nicobarl saw these grassy plains 
partially cut down, because the natives use the grass for thatching their houses, and on 
Kamorta large strips were in flame.* 

The grass vegetation, says Eink (loc. cit., p. 136), which to the greatest extent covers 
these islands, is, in the valleys at the base of the hills, ve^ thick and high ; it becomes 
however, higher up thinner and shorter. On the places which are sufficiency damp many 
soft grasses may occur rich in juice ; but on the tops of hills, where the dry magnesian 
claystone locally penetrates through the scanty layers of soil, and is also partially covered 
with a coarse ferruginous sand, while the showers of rain carry all the finer particles which 
may he produced hy decomposition into the valleys, there, as a rule, only dry and rough 
siliceous Graminea and Cyperacece are to be met with. 

The area which may, therefore, in future he successfully cultivated is that of the southern 
islands, composed of sandstone and slate, producing a fertile argillaceous sandy soil. On 
Little and Great Nicobar with the small islands Pulo Milu and Kondul, the hilly land 
may be estimated at nearly two»>thirds of the total area. These islands are therefore in point 
of colonization the most important, and a comparison with Ceylon and Pulo Penang 
shows what could prosper where now impenetrable primeval forest covers the whole surface. 

* Primeval This is of great extent, and the coast inhabitants of Great Nicobar 

tell of the existence of a wild tribe, forest-men, (“ jungle men”), with long hair, inhabiting 
small huts or trees and living upon honey, roots and gaine. But no European eye has yet 
sighted these forest-people,* Dr. Hochstetter describes in vivid language the evermore forest- 
clad parts of Great Nicobar, which were visited by some of the party along the deeply 
indented water courses and ravines. 

IV, — Springs, Streams and Rivers, 

The annual rainfall of the Nicobar s is unknown. But very likely it is considerable; 
1 think 100 inches is an exaggeration, because the two seasons, usuaUy distinguished, — the 
dry one during the north-east monsoons between November and March, and the wet one 
during the soutii- west monsoons between Apiil and October,— are not so strictly separated 
on these islands as on the neighbouring continent, and according to present experience 
showers are also not rare during the dry season. The driest month of the year ma^ be 
March. We had, during our stay on and round the islands, in this mon^ onlv three times 
rather heavy showers of rain. In April they become more frequent, until in May and June 
the south-west monsoon rolled constant and heavy clouds over the islands. 

If, therefore, peculiar geological conditions do not facilitate a rapid flowing off of the 
rain, the islands cannot have in general a want of water. And of this we could convince 
ourselves, inasmuch as the end of the dry season was unfavorabk for the quantity of water 
in streams and rivers. Even the smallMt islands, like Pu|lo Milu and Xondul, though 
their small streams hardly had any water flowing, still had an abundance of fresh water 
in the numerous basin-like depressions of their beds. From the forest-clad heights of 
Tillangchong still rippled out everywhere spring water. The numerous streams and 
rivers of the southern large and woody islands, Little md Great Nicobar, possess 
abundance of water all the year round. But t|^e northern island, as for as the argillaceous 

extend, appears to be deficient in water; this specially is the case on Nancowry, 
Camorta, Trinkut, and probably also on Torres s a and Bompoka. I found the small 
streams on Nancowry and Camorta, leading into the Nancowry haven, perfectly dried 
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up. The natives only drank cocoanut- water, and they probably obtain the fresh water 
which they require ibr domestic puiposes, &c., like the boiling of Melori, from the fresh 
water swamps, which are locally to be met with in ravines. Of wells, exc^t that made 
near the village Malacca on Nancowry and which is now half in ruin, 1 saw nothing. 
Car-Nicobar, however, though also composed of argillaceous strata, as the abovementioned 
islands, has no want of good drinking water, because the lar^ coral land raised from 
8 to 12 feet above the level of the sea, permits the digging of mose remarkable wells, the 
fresh water of which falls and rises with the ebb and tide. The explanation of this rare 
phenomenon does not rest in the filtering of the seawater by the coral-sand, but is 
rather the fact that the lighter rainwater floats on the heavier seawater, and the porous 
coral rock only prevents the mixing of the two. I have seen several such reservoirs on 
Car-Nicobar near the villages Mus and Saui, they were all dug from 8 to 10 feet 
through the coral mass nearly to the level of the sea at its highest flood, and contained 
good drinking water. Besides this, a river flows into the Northern Bay of Car-Nicobar, 
which we named Areca Biver from the luxuriously growing Arcca-palms on its banks ; 
this river is navigable with flat boats two miles upwards, and near the small rapids which 
one meets it also offers good drinking water, confining only a small portion of calcareous 
constituents in solution. 

1 have not become acquainted with any mineral or warm springs. The cla^r-marl 
rocks of the Nancowry haven are, however, seen covered «rith an inch-thick incrustation of 
sulphate of magnesia (epsom salts) in fine fibres with a silky lustre ; this indicates a quantity 
of sulphate of magnesia in the clay -marls, and by digging holes in them, epsom salt waters 
may probably be obtained, such as is the case with the bitter sandy -marls near Bilin in 
Bohemia. 

V, ^Observations on the temperature. 

As we had, according to our instructions, to measure the temperature of rivers and 
springs, and as this task fell to my lot, as far as opportunity offered itself, I would put upon 
record here the few obseiwations in this respect, besides a few remarks on the temperature. 

a. — Temperature of the different waters. 

1. 23rd February, on Car-Nicobar, water in the well near the villagpe Saui in 8 feet 

depth in perfect shade ... ... ... ... ... ... 25’7C. 

2. 27th Febmary. on G a r-N i c obar, Areca river in the shade of the primeval forest ... 26'OC. 

8. 4thMardi, on Ti Hang chon g, western side, a spring in the shade of primeval forest 25*6C. 

4. 4thSIaroh, on Til Ian go hong, another roring ... ... ... ... 26'OC. 

6. SthUfarub, on Nancowry, old weU of the Moravian Brothers near the village 

Malacca, water in 8 feet depth in shadow ... ... ... ... 25*7, C. 

If it were permitted to make from the^ few observations a conclusion upon the mean of 
the annual temperature of the Nicobars, this mean would be 25’58C. (=78*04 Fahrt. ) 

I have also measured the temperature of several other wells and streams, but as their 
water was temporarily exposed to the sun, very different results were obtained, as for instance : 
on Car-Nicobar 

24th February, well near M ns, water in 3 feet depth ... ... ... . . 27*0C. 

25th „ a stream between Mus and Saui ... ... , ... ... 27‘8C. 

26th „ rivernear Saul ... ... ... ... ... ... 29'OC. 

on Camorta 

9 th March, two streams with muddy stagnant water ... ... ... 27'OC. 

on Pulo Milu 

18th March, stagnant stream water ... ... ... ... ... ... 26’6C. 

h.'^Temperatures of the soil. 

To obtain further materials for the determination of the mean annual temperature 
I made a few observations on the temperature of the soil, and these gave the following 
results: — 

8th March, on Nancowry near- the vUlagB Innang, the thermometer, alter it had been 
exposed in a permanently shad^ ]^e for 6 hours, showed, when buried in 8| feet 
depth underground ... ... ... ... ... 26'7,C. 

a0thMsreh,<mKondul,al8oinSif6et sfteitShourB ... ... ... ... 26*3, C. 

These two ohservation^^ve, as did those made in water, an 

annual mean of ... ... ... 25*5, C. (=77*9 Fahrt.) 
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This result is sTnaller than the records known up to the present, hut those also do nol 
rest upon sufficiently decisive observations. Rink, who, during a stay on the islands betwt^cu 
January and May 1846, never saw the therraometev under 26 ®C. and never above 33°C. in 
perfect shade, believes 28'’C. to be the most probable mean. 

According to Johnston s Physical Atlas, the line indicating the temperature of the sen 
surface of 30*5C p^ses just across the group of islands, the annual isothermal being 2()1C., 
with the January isothermal of 26 ‘OC, and the July isothermal of 27*20. 

As regards the monthly means, we obtain from the observations of the Danish Oorveib; 
GaltUkea every four hours : 

for January 1846 ... ... ... ... ... ... 28*20. 

„ February „ ... ... ... ... ... ... 28*60. 

According to the hourly observations on board of the Fj-igate Novara the mean is — 

For the days 23rd, — 28th February 1868 ... ... ... 27*20.') 

„ ,, l8t.-26th March ... 27-5C.j“*“ 

'With this agrees pretty fairly the soil temperature which I measured at a deptJi of 
one foot. 

On the 26th February near Saui ... ... ... 27*70.") 

„ „ 20th March on Koifdul ... ... ... 27*00. > mean 27*26(V 

„ „ 26th „ on Great Nicobar ... ... ... 27*00. J 

Finally, with regard to the daily means, they will be found for the time of our stay on 
the Nicobars in the observations recorded on board of the vessel. It occurred to me when 
on Oar-Nicobar to see whether the temperature of the water of young cocoanuts, when 
freshly cut down from a tree standing in shadow, would not indicate approximately the mean 
daily temperature. I found on the 26th February, in two nuts, a temperature 27‘2C. and 
27*4C., as a. mean 27*3C. The journal kept on board of the Frigate gives for the same 
day, as mean, fdso 27‘3C. 


DONATIONS TO MUSEUM. 

Mfcraster cor-avffimmw . — Hertford, England, presented by A. Tween, Esf[. 

Belemnites Itsvis, (2 spec.) ; £. clavatus, (1 sp.) ; B. vulgaris. (2 spec.) B. cylindricus. 
(2 spec.) B. suh-aduncatus (2 spec.) ; B, siriolatus. (1 spec.) ; B. tuhularis. (2 spec.) ; 
B. fienic.illatus, (2 spec.) ; B. stilcatus(\, spec.); Trigonia, Fish teeth (Stoncs- 

hrld), 4 &C. presented by Prof. John Phillips, Oxford. 


ACCESSIONS TO LIBRARY. 

From 1st April to SUih June 1860. 

Titles of Books. * Donors. 

Argyll, Duke of. — Primeval man, 8vo., London, 1869. 

Boueguignat, M. J. R.—Mollusques Nouveaux, Litigieux on peu connus, 8vo., 1868. 

Bronx, Dr. H. G.— -Klassen und Ordnungen des Thier-reichs. Vol. V, pts. 9, 10, Vol. VI, 
pt. 4, Leipzig, 8vo. 1869. 

Brown, R. — Miscellaneous Botanical Works of-rRay Soc. Vol. Ill, 4to., London, 1868. 

Browne, J. R. — Reports on the Mineral Resources of the tJnited Stiftes, Washington, 
8vo., 1868. The Author. 

Dodd, George.— Dictionary of Manufactures, Mining, Machinery and the Industrial Arts, 
London, 12mo., 1869. 

Dorn A, Prof. Alex. — Catalogo delle Leoneidi o stelle meteoriche osservati nel 1867. 
Gervajs, Paul. — Zoologie et Paleontologie generales. Parts 8, 9, Paris, 4to., 1860. 

(iovLn, A.— Oiia Conrhologica : Descriptions of* Shells and Mollusks, Boston, Svo,, 1862. 
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Haniey, S, — Catalogue! of Kocent Bivalve Shells, LoiidoD, 8vo., 1842—1856. 

Jaccabd, A. — Matdriaux pour la carte Gdologique de la Suisse, Liv. 6. Jura Yaudois et 
Neuchatelois, with 2 maps, 4to. and foL, Berne, 1869. 

KaB8TE17, Db. G. — Beitrage zur Landes-Kunde der Herzogthiimer, Schleswig und Holstein, 
I, Reihe, Hft. 1, 4to., Keil, 1869. 

Maack, Db. G. a, — D ie bis jetzt bekannten fossilen Schildkroten und die im oberen Jura 
boi Kelheim (Bayern) und Hannover neu aufgefundenen iillestcn 
arten dersolben, Palseontdgraphica, XVIII, pt. 6, Cassel, 4to., 1869. 

Mabtinez, D. M. de Gonoobat. — Antiguedades prehistdricas de Andalucia, Roy. 8vo., 
Madrid, 1868. 

Phillips, John. — Vesuvius, fcp 8vo., Oxford, 1869. 

Pictet, P. J., Materiaux pour la paleontologie Suisse ou recueil de Monographies sur les 
fossiles du Jura et des Alpes, pt. 4, No- 2, 4to., Geneve, 1869. 

PoNSON, A. T.— Traitd do Sexploitation des Mines de Houille, Vol. I, with folio atlas, Liesre, 
8vo., 1862. ^ 

Quabitch, Bebnabd.— General Catalogue of Books, Londey, 8vo., 1868. B. Quabitch. 

Quenstedt, F. a. — P etrefactenkunde Deutschlands, VoL II, pt. 1, Leipzig, 8vo, 1868, 
with atlas. 

Reid, H. — A practical treatise on the manufacture of Portland cement, with translation of 
Lobwitz’s treatise, 8vo., Loudon, 1869. 

SCHIMPEB, W, P. H.— Traitd do Paldontologio Vdg6tale, Vol. I, Paris, 8vo., 1869, with 
Atlas. 

SOMBBVILIE, Maby.— O n Molecular and Microscopic Science, 2 Vols., 8vo., London, 1869. 

Stewabt, J. L.— Punjab plants, comprising botanical and vernacular names, and uses of the 
trees, shrubs, and herbs, Lahore, 8vo., 1869. 

Styffe, Knxjt. — Elasticity, extensibility and tensile strength of iron and steel, London, 
8vo., 1869. 

Vtctobia Govebnmbnt.— P rize essays, 1860, 8vo., Melbourne, 1861. 

Whitney, J. D.— Geological Survey of California, Palaeontology, Vol, II. pt. 2, roy. 8vo. 1869. 

' Pbbiodicals. 

American Journal of Conchology, Vol. IV, pt. 4, Philadelphia, 8vo., 1868. 

American Journal of Science and Arts, 2nd Ser, Vol. XLVIl, Nos. 139, 140, New Haven, 

, 8vo., 1869. 

Aimales des Mines, Paris 8vo., 1st Series, Vols. 1 to 13, 1816-26 ; 2nd Ser. Vols. 1 i,o 8, 
1827-30; 3rd Scr. Vols. 1 to 20, 1832-41, 4th Ser. Vols. 1 to 20, 
1842-61. 

Annalcs des Mines, 6th Ser., Vol. XIV, 1868, Vo. XV, 1869, Paris, 8vo. 

L’Adhinistbation des Mines. 

Annals and Magazine of Natural Histoiy, Vol. HI, Nos. 16, 16, 8vo., London, 1869. 

Beitrage zur Geognostischen Kenntniss der Erzgebirge, pt. 3, Freiberg, 8vo., 1869. 

Engineers Journal, Calcuttp., New Ser., Vol. XII, Nos. 16, 17, 18, 4to. Calcutta, 1869. 

Geographische Mittheilungen, edited by Dr. A. Petermann, Pts. 1, 2, 3, 1869, 4to., Gotha. 

Geological Magazine, Vol. VI, Nos. 2, 3, 4, 8vo., London, 1869. 

Journal de Conchyliogie, 8rd Ser. Vol. IX, No. 2, Paris, 8vo., 1869. 

Joiimal of Travel and Natural History, edited by A. Murray, Vol. I, No. 6, London, 8vo.,' 
1862^ 

Malakozoologische Blatter XVI, \ Bog, (Dj;. L. Pfeiffer) Cassel, 8vo., 1869. 
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Martini nnd Chemnitz, SytematischeB oonchylien cabinet, Yol. Ill, Heft XXYI, Lief. 189, 
4to., Numberg, 1868. 

Neues Jahrbuoh for Mineralogie, Geologie, and Paloontologie, Heft 1, 2, Stuttgart, 8yo., 
1869. 

Falseontographica, XYllI, 6. Cassel, 4to., 1869. » 

Palmontographical Society, Yol XXII, 4to., London, 1868. 

Novitatee Conchologicse, by Dr. Pfeiffer, Yol. I, pt. 33, Gaseel, 4to., 1869. 

Novitates Conchologicse, Sapp. Ill, Monog. d. Mollnekengattung Yenus, £. Bomer, Pts. 16, 
17, C^sel, 4to., 1869. 

Poggendorff, J. C., Annalender Physik und Ghemie, Leipzig, Indices, 8vo., 1844-54-65. 

Professional Papers on Indian Engineering, Yol. YI, No. 23, Roorkee, Bw. 8vo., 1869. 

Principal, Thomason College. 

Quarterly Journal of Science, No. XXII, London, 8vo., 1869. 

Quarterly Journal of Microscopical Science, New Series, No. XXXIY, London, 8vo., 1869. 

Bevue Universelle des Mines, de la Mdtallurgie des travaux publics des sciences a I’industrie, 
12me annbe, Parts 5 and 6, Brux, 8vo., 1868. 

Govebnmxnt Selections, &c. (pboh the Gk)yEBNMENTs). 

Bengal.'— Hill Tracts of Chitting and the dwellers therein, by Captn. T. H. Lewin, 
Calcutta, Boy. 8yo., 1869. 

„ Report on the results of the administration of the Salt Dept, for 1867-68. Calc., 
Pol. 1868. 

„ Report on the external commerce of Bengal for 1866-67. Calcutta, Pol. 1868. 

„ Report on the Pinancial results of the excise administration in the Lower Prov- 

inces for 1867-68, Pol. Calcutta, 1868. 

Report on the administration of the License Tax under Acts XXI and XXIX of 
1867 in the Lower Provinces for 1867-68. Calc., Pol. 1869. 

„ Report on the drainage and conservancy of Calcutta, 4f{0., 1869. Calcutta. 

Bokbat.— G eneral report on the administration of the Bombay Presidency, 1867-68. Roy. 
8vo. Bombay. 

Bubmah.— British Burmah Revenue Report, 1867-68. Extract from proceedings in the 
Poreign Department, No. 234. Moulmain, 8vo. 1869. 

,, Extracts firom proceedings of the Chief Commissioner, British Burmah, *in the 
Home Department No. 264. Yaccination Report, 1867-68. 8vo. Ran- 
goon, 1868. 

India.—* List of civil oflioers holding gazetted appointments on the 1st January 1869. 8vo. 
Cal. 1869. 

„ of Indian Administration, 1866-67, Yol. XII. pt. 4, 1868. Serampore. 

8vo. 1868. 

„ Bibliothe^ Indica, Ain-i-Akbari. New Series, No. 157. Calcutta, 4to. 1869. 

„ Geographical and Statistical report of the Topographical Survey of Chota Nagpore 
Division, 1868. Cakmtta, Pol. 1869. 

Madbas.— Selections from the Records <»f the Madras Government. Annual Report on Civil 
Dispensaries for 1867« 8vo., Msdias, 1869. 
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The Mohpani Coal-field, by H. B. Medlicott, M. A., F. G. S., Deputy Superin- 
tendent, Geological Survey of India. 

8Jceteih-map of 1859. — ^Any one who bas examined with attention the Bketoh-map 
of the middle Narbada region, published in 1859 by the Genogical Survey of India, must 
have noticed how few actual coal-crops are marked in the large area colored as possibly 
coal-bearing ; and more especially, how very partially those outcrops are distributed in that 
area. Witn the exception of Mohpani, and the less known case near Lokartalai, all the 
observed coal -localities occur close to the south border of the basin of stratified rocks, far 
from the Narbada valley, on the south tributaries of the Upper Tawa and in the valley of 
the Pench liver. A reference to the index of colours on the sketch-map, and to the 
descriptive text (Vol. IL, Mem., Geological Survey, India,) would suggest possible explana- 
tions of these peculiarities : two groups or formations, the Damuda and the Talchir, are mapped 
under one colour. It was known at the time (see. p. 149, etc.) that the coal is confined 
to the upper group ; but the demarcation between the two is very obscure in thiB region, 
and it would have been at that time impracticable to have undertaken to separate them, 
as no sufficiently accurate map of the country was to be had. Another possible explanation 
of the anomalous distribution to which I have drawn attention is suggested by the some- 
what doubtful boundary between the Damuda group and the overlying strata of the 
Mahaddva series, as noticed at page 191 and elsewhere — the possibility that some of the 
latter may have been locally included with the former, thus unduly enlarging the apparent 
area of the coal-bearing rocks. 

It has long been the desire of the Su^rintendent of the Geological Survey to clear up 
all these known doubts, more especially with reference to the very pressing question of the 
coal-supply to the railway that now passes close along the northern margin of this area. The 
much increased knowledge of all these rocks that has been attained within the last few 
years will greatly facilitate the final separation of the gi^o^s ; and thus definite information 
will be avfiuablo for the guidance of mining experiments. The detailed topographical survey 
of this region is now nearly completed ; and proof copies before publication of some of the 
sheets having been obligingly supplied from the Surveyor Ckneral’s Office, the revision of 
the geological work was commenced in November last. It will be some time before the 
detailed examination of so large an area can be completed ; but some definite results have 
been already obtained, bearing very importantly upon the question of the coal-supply and the 
proper dire^ion for further mining explorations. 

Alterations to he made , — To any who have not applied the necesjsary rerarvations to 
the indications of the sketch-map, the present information wiU be somewhat dirappointing. 
It is still to be expected that coal will be found where it is not now known ; but observations 
made this year ^atly reduce the area to which such hopes can be applied with any con- 
fidence ; the negative indioationB of the sketch-map have been substantiated Hy the verifica- 
tion of the surmises that have just been pointed out regarding them. The case may be very 
briefly stated, and easily understood by a reference to the old map: the whole of the 
Dhddhi valley, and all the valley of the Denwa (or Deor) north of the Pachmari range, 
are formed of rooks belonging to the Mahaddva series,* in which there is no prospect what- 
ever of coal ; edthough it may occur beneath them. A note on the sketch-map indicates the 

♦ In the report under noUce the name Mahaddva Is need as that (tf a single group ; but recent investigations 
here and elsewhere tend to show that It oomprisus several groax», for wluch eollectively the name may perhaps he 
retdned. It would be out of place to discuss the question in the present report. 
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doubts that wore entertained regarding the Deor valley. To the south of the Fachmari 
range, including a large portion of the plain of the Tawa, the rooks, although belonging to 
the Damuda series, are certainly higher than the true coal-bearing group of this part of 
India ; they are throughout more or less carbonaceous, and contain the Damdda fossil 
plants ; and there is therefore always a chance of coal occurring in thorn, as will bo fully 
tested by the detailed survey ; but every distinct indication of coal at present known 
throughout the entire region (with the exception of a poor Mahaddva coal to be noticed 
presently) is referrible to a thin band at the base of those rooks, immediately overlying the 
Talchir group, and outcropping near the margin of the basin, as indicated on the sketch-map. 
This res&iction of the apparently large area of the coal-bearing rocks brings into greater 
importance the limited fields that are known, and suggests the close search for similar 
small outcrops of the measures along the edge of the basin. « 

The Mohpani field, — ^The wide separation, W intervening barren ( coal-less ) rocks, of 
the several l^alities where coal appears at the sur^e within the large area hitherto generally 
referred to in this connection as the Narbad& coal-basin necessiSites the recognition of 
as many distinct coal-fields. Of these, the Mohpani field is at present by far the most 
important, on account of its accessible position, and because the value of the seams has been 
proved by actual mining. It is situated at the south edge of the NarbadA plains, twelve miles from 
the Great Indian Peninsula Btj^way at Garrarwarra, and is traversed by the Sitariva river, 
in which the entire section is e^osed. in a length of about a mile and a half. On the south 
the measures are buried beneath lofty hills of younger rocks ; and on the east, from the sharp 
bend of the river, the field is rapidly cut off by an overlap of those same strata. To the 
west the extent of the field is very obscure and doubtful : for seven miles from the Sitariva 
the CTOund is very much covered, the talus from the ridge to the south of the measures being 
conmient with the superficial deposits of the plains, so that only a few small and uncertain 
outcrops can be seen. A little further west, however, in the Dharajhor, a complete section is 
obtained up to the metamorphic rocks at the edge of the basin ; and the coal-measures are 
there altogether covered and overlapped, the whole ground being occupied by the younger 
rocks. Thus the possible limits of the field as appearing at the surface are very restricted ; 
and we have no certain knowledge of it beyond the much smaller area bordering the Sitariva. 
A description of this locality win bo the best guide to the experimental investigation of the 
rest and of the possible extension of the field by working the measures through overlying 
formations. The accompanying map, copied from the new Revenue Survey sheets, is not on a 
sufficiently large scale to express on it the detail that would be desirable for such a purpose ; 
but it will at least make the case intelligible : the little map on the one inch to the mile 
scale shows all that is visible of the coal-measures in this field ; the larger map shows the 
area over which the measures may outcrop ; beyond that area they must be sought through 
other rocks. 

Actual ohservatiom very limited, — Although it is now several years since mining was 
oomnicnced by the NarbadA Company, very little has been done to explore the field ; all the 
worMngs are on one spot dose to the outcrop in the river. Two or three borings were made in 
the inmediate neighbourhood, but without cutting the coal, as will be accounted for presently. 
The Sitanva Company have been too busy opening their pits, close upon the norlfiern out- 
crop in tlie river, to have had time for further explorations. Thus, for a description of the 
field and its extent there is little more data than that available from the natural outcrops. 
The extent of this information and of the field as at present known may be judged from the 
statement that one square mile would very nearly include all the localities where coal is visi- 
ble ; and fully one-half of that square mile is occupied by rocks below the coal-measures. It 
may indeed be confidently expected that the coal exists and con be followed over a much 
larger area ; but it needs no more at present to show how impossible it would be to arrive at 
a correct estimate of the extent or value of the field until further trials have been made. 

Rhrmaiions : — There are three formations to be considered : tho Mahaddva series, the 
BarAkar group (or the coal-measures), and the Talchir group ; besides trap-rock, metamor- 
phic rocks, and the superficial clays and gravels, or * wash-drift* : — 

^ Mdhadiva Series, — ^The Mahaddva series is of CTeat thickness, and comprises a largo 
variety of rocks ; but as hare exposed, at and near &e contact with the coal-measures, it 
maintmns very constant characters, being fomed of massive coarse conglomerates, sandy or 
earthy; and , generally more or less rusty ; with these are freely but csmriciousl}' associated 
beds of deep red day sometimes mottled and calcareous, or oven with nodular layers of lime- 
stone. Courses of rusty sandstone are comparatively rare here. These rocks form the base 
of the lofty ridge of Nimdgarh, as well as the smaller hills bounding the field on the oast ; 
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and they are the last rocks soon at the north end of the section in the river. On the tops of 
the hills, and generally at a distance from the edge of the basin, the Mahad<3va formation 
is largely composed of sandstones above, associated with earthy beds below. 

Mahcbdiva coal , — ^It is imporhint to notice here the coal that occurs in this formation. 
Much labor and expense have already been devoted to it; and I am aware that hopes are still 
entertained of it by intending speculators. Without wishing to deter men finally from 
exploring wha-t may possibly in some local instance turn out a good thing, it is but right that 
all should bo informed of what is known regarding it. Many thousand maunds of this 
coal were cut by Mr. Walker, contractor for the Narbada bridge, at Lamdta ghat on the 
Narbada, and profitably used for lime and brick-burning. Some was also extracted on the Slier 
river near Sonora. The same coal has been examined in many other places, as in the 
Mabanudi, to the north-east of Jabiilptir ; in the Hard river, a tributary of the Sakkur ; 
on the flanks of Nimtigarh, south of Mohpani. Many years ago this coal was cut in 
sinking a well within tlie station of Jabalpdr. Its characters are eve^whero the same, — 
a bright jetty lignite-coal, disseminated in threads more or loss abun^ntly in thick shale 
and sandstone ; the proportion of coal is exceedingly variable, and, except in rare cases, 
altogether too small for use. In the nearly continuous rock-section in the Shcr and Machariva 
rivers, this coal is exposed ten or twelve times in a length of as many miles, without any 
change of character, and offering no encouragement to any attempt at mining. It certainly 
would not bear transport or keeping ; and the most that can ever be expected of it is for local 
use for rough purposes. 

To one who is not familiar with the characters of these formations, and accustomed to 
discriminate between varieties of similar rocks, this Mahaddva coal-band might readily pass 
for the true coal-measures, as it often occupies an analogous physical jjosition at the edge oL' 
the plains. The simplest criterion is the coal itself, which is quite unlike the Damdda 
(Bardkar) coal. Although found in so many distant localities, the coal-band is certainly 
not a constant member of the series ; nor is it even likely that all the known seams are 
on the same horizon in the series. 

Bardhar group , — The Barakar group is not more than 600 to 600 foot thick, com- 
posed of strong beds of gray and white fclspathic sandstone, alternating near the top with 
carbonaceous shales and coal-beds. Wherever the section is exposed in the neighbourhood, 
of the Sitariva, these beds arc found close beneath the bottom rod clays or conglomerates of 
the Mahaddvas. 

Talcldr group , — The Talchir group is typically characterised by beds of fine greenish 
silt, or silicious clay and sandstones, in either or both of which pebbles and boulders, often 
of largo size, are thinly scattered. The fine earthy sandstones pass up by imperceptible 
gradation into the Barakar rock, so that the boundary between them, in the absence of 
characteristic fossils, must often be arbitrarily assigned. These rocks occupy a largo space 
between the north and south outcrops of the coal-measures on the Sitariva. 

Structure of the rocks , — The general section (sec figure) north and south across the field 
will illustrate the relations of the rock-groups and explain the present struetiu-o. There is no 



General section from south io nortli, across the Mohpani coal-ileld. 

Seale, 2 inches = 1 mile, a, Mahaddva: 5, coal-measures: e, Talchir: mctainori>hic. 

The doited lines indicate the probable mode of extinction of the coal-measures to the north. 
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otiher locality known where the coal-measures are so much broken as in this field. In the 
section of the Sitariva, the general character of the disturbance is a normal anticlinal flexure, 
having moderate dips on the south, but rising to the vertical on the north side of the axis ; 
the last roek seen next the superhciul gravels of the plains being vertical beds of the coarse 
Mahaddva conglomerate. There are numerous minor contortions and dips that are not 
attempted to be represented in the figure. In an easterly direction from the river, the con- 
tortion dies out rapidly ; the vertical scams of the northern outcrop flatten and bond southwards, 
passing round into continuation with the measures on the south of the flexure. The 
Talchirs are thus covered up at the surface ; and, on the other hand, .the Mahaddvas streteh 
continuously to the edge of the plains ; at Pukuhi they still have a low south-easterly dip, 
but soon become quite horizontal. In a westerly direction the main feature of the dis- 
turbance seems to continue for some distance, as is shown by the steady south-south-east 
dip of the conglomerate along the base of the Nimugarh ridge ; but this regularity does 
not obtain along the axis of the flexure, as is shown by the few outcrops that are visible 
to the north of the ridge. At the west base of the outlying hill of trap near Mohpani, in 
about the position of the axis of the anticlinal, the coal-measure strata have a steady low 
easterly dip. This irregularity greatly complicates the attempt to search for such outlying 
masses of the coal-measures as may exist beneath the superficial gravels at the foot of 
the hills. 

Trap-roch. — Trap-rock forms an important consideration in he valuation of this field. 
It occurs both in dykes and in overlying masses, but is all of the same description, — a dense 
basaltic rock ; and, as far as present evidence goes, it may be all of the same age. There are 
three great dykes in the Sitariva : the first is at the very northern edge of the rock-section ; 
it is about twenty yards wide, running through the Mahaddva conglomerate very nearly 
along the vertical bedding, with a strike of 5® south of west, and a slight southerly 
underlie. The second dyke is in the Talchirs, oblique to the bedding, some fifteen yards 
wide, with a strike to north of west, and a slight southerly underlie. The third is 
also in the Talcliirs, about twenty yards wide, running nearly due oast and west, and with 
a very slight southerly underlie. Although all these are remarkably steady for the short 
length seen in the river banks, they certainly do not continue so, as a rule, for any distance. 
It is probable that No. 1 represents, or is even continuous with, the strong dyke that is 
found at or near the base of the hills to the eastwards ; but its course must be more or less 
tortuous. At three miles to the east, in the river’s bank just above Dongarkho, there is a very 
pretty section showing how suddenly these trap dykes may stop out on the rise : at the 
water’s edge the dyke is some twenty yards wide, and all trap ; at a height of fifteen feet there 
is hardly a trace of it to be found, the whole having split up and rapidly thinned out 
between thick wedges of the overlying massive conglomerate. The dyke No. 3 presents another 
case of irregularity ; if it continued the course which it has iu the river, it must have appeared 
in the upper workings of the Narbada Company’s colliery; but the coal there is totally 
unaflected by trap. Indeed, it is strange that where trap is so abundant none has been met 
with as yet in any of the pits, small though these are. There is no doubt, however, that this 
rock will yet prove troublesome in working the field. Where the coal-outcrop is exposed in 
the stream beyond the ridge north of the colliery, trap is in force close by, and musib greatly 
affect the coal there. 

There are three patches of overlying trap, apparently remnants of a once extensive 
spread. The detached hill half a mile to south-west of Mohpani is all trap ; on the north 
and cast this rock reaches down to the level of the plain ; on tho south-east Talchir rocks 
are found close to the base ; and on the west side Bardkor beds are well exposed to a 
height of some fifty feet. The trap near Kaklaur and Fipurea scarcely appears above the 
general level of the plain. 

Connexion of the measures on the north and eouth, — ^Notwithstanding some slight differ- 
ences in the details of the sections, and £he very marked difference in the quality of the coal, 
there can be no doubt that the measures worked by the Sitariva Company in the vertical seams 
on the north are the same as the less troubled beds of the Narbadd Company on the south. 
There are three or four seams at the southern outcrop, and but two at the northern ; and 
the associated beds do not exactly correspond in the two localities (there are some earthy 
beds above the coal on the nofth that are not found in the southern section) ; but these 
differences vrould come well within the known limits of variability of thei^ deposits ; and 
the ^sition of the measures in the general section, with respect to the Mahaddvas above and 
the Talchirs b^ow, is precisely the same in both localities. There is, besides, the direct 
evidence of coiftiauity ; the ground is too covered to show quite an unbroken section, but 



PART S.'j 


MedlicoU: Mottpmi OoaUfield, 


67 


observations are close enough to leave no doubt on the point. The change in the quality 
of the coal is quite in accordance with the crushed condition of the strata. The coal from 
the vertical seams is inable and dusty, and bums without smoko, all the bituminous matter 
having apparently been extracted from it ; it is consequently slow to ignite, but has strong heat- 
ing power ; the coal in its normal state at the NarbadA Company’s mines has the usual com- 
position of Indian coals ; the subjoined analyses made by Mr. Tween exhibit the change 
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already known ; and it may be hoped that the meaBarea will rapidlT assume a steady low 
di|v f^ormable to that oraerved m the overMne Mahaddvas. 1 have urgently reoom* 
that the seam at the foot of this shaft be followed out southwards, any fault- 
gt^nd be thoroughly ^lored. Machinerjr k being put up to drain the shaft;. The diffi- 
eulty of unwaf^mg mines in this position is one that must be anticipated: at the base of a 
high hii^g a trough-shaped arrangement of the strata, a heavy discharge of water 

seems inevitable ; it is {^siole that the excessive discharge in this particular shcdt may be 
inoresssd by the proximity of a deep pool in the river just above. 

same indications applicable to other localities , — The indications 1 have here given 
to guide in the exploration of the Mohpani field ought to be of service in the seardi for 
other fields along the margin of the basin : thu^^^ the gorge south of Fattehpur, near 
Bunkheri railway station, the conglomerate laps r6ifi|p|the west end of the ridge of metamor- 
phic rocks, the east end of which is at Shairi ; a shoift way up, the river bifurcates ; and just 
above this there is a small patch of the Tido^hr boulder bra, surrounded by the Idahadeva 
conglomerate ; it is possible, though not very li^ly, as this is the lowest level, that outcrc^s 
of uie Damudas might be found in the ne^bbourhood ; and similarly elsewhere. It is to 
settle such points tlmt the detailed survey is so much needed \ meanwhile the indications 
1 have given may be of service to independent explorers. 

1 cannot conclude this report without an expression of regret at the obstructions 
that are being raised to the development of the Mohpani coal-field. Several years ago 
mining was commenced with the intention of having the works well opened so as to 
be in a state to turn out a large supply of coal by the time the railway should be 
finished; all prospects of profit being neocssarily dependent upon that event. The com- 
pletion of the railway was repeatedly postponed year after year, the mining establishment 
and plant being necessarily maintained aU the time. And now that the main line is opened, 
and there is a prospect of a return for the outlay on the mines, numerous delays and 
objections are made to the construction of the short branch line, without which the mines 
cannot be worked. Questions are still raised as to the relative c|uality of the coal ; upon 
which point all reasonable doubt has been long since settled ; for it may be safely asserted 
that a large portion of the coal now consumed over the East Indian Bailway line is no better 
than the M^pani coal. For the Jabalpdr line, and even so far as Naini junction, the 
Mohpani coal could undersoil the Bengal coal, and a considerable saving be made ill the 
railway expenditure. Questions of separate accounts and the desire to show profits on ono 
side or other ought not to be allowed to lead to the public being heavy losers. 

Ut May 1870. 

Note oe the lead-orb at SlimanXbXd, Jabalpi6b District, Central Provinces, — by 

Theo. W. H. HuaBBS, P. G. S., Assoc. Roy. School of Mines, Geological Survey 

of India. 

In April last, Mr. Olpherts, Resident Engineer on the Jabalpdr line of railway, 
announced in a letter addressed to Mr. W, B« Jones, the Deputy Commissioner of Jabalpur, 
that he had discovered indications of copper .[<1^ about three miles north of the Slimanabdd 
nulway station, and expressed a hope that the^mtter might be further investigated. 

Discovery of copper cmd lead , — ^Mr attention was first drawn to this subject 

by noUcing some copper stains on the foni||feop rook of one of the piers for a railway 
bildige. Afoer makmg known this dkcoyii^^ he noted the strike of what he considered 
€b»<iode, and pursuing his researches to the of the line of railway Mt upon another 
loc^^^about two miles foom the railway of Slimonib&d, and a little off the main 

tottd Ipil^ to the town, which yielded an load galena). 

X latter spot accompanied b^MH^leagne, Mr. Fedden. 

Theie HtUe to be seen, merel^^lliisll nd^ of quartzite rock, about eight feet 

in height, pr so in biReadth, and a Skills in length, throughout a narrow band 

of whmh galeha 9*) was sparsedly distriblM^vith here and there a little copper pyrites. 

Stratigfwktcoli^ r^ — A important point to determine was the 

stratigraphical ^ of this ridge. It d^|^ strike either my colleague or myself that 

was a lode, but jtntber a component bed of m^>^ologioal series which occurs at Sliman&bad. 
The ridge is made up of quartzite, and not quartz ; and though many of the hand 
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specimens which 1 brought away, and others that were in Jlr. Olpherts’ possession, might 
possibly convey the idea that the ore existed in a lode, such a misapprehension would arise 
only from the examination of small pieces of the mat^. 

The dip of the beddi^ is rather obscure, but its direction appears to be 46° south of east. 

There are planes of jointing striking 20° north of west and inclined at an angle of 75^ 
in a southerly direction. 

The strike of the beds is north-efMt — south-west ; so that if this line were followed up, 
we should most probably find a connection between the two localities whein lead and copper 
ore have been respectively found. 

Description of ore , — The ore of lead is galena, a combination of lead and sulphur witli 
a certain proportion of silver. An assay made by Mr. Tween in the Office of the (Geological 
Survey prov^ the ore to contain 19 oz. 12 dwts. of silver to the ton of lead. The ore of 
copper is pyrites, which is usually a combination of copper, iron, and sulphur. 

At the locality where Mr. Olpherts first noticed traces of copper, the ore is principally 
malachite, but there appears also to be some dioxide of copper (OuaO). From a (iouver- 
sation which I had with Mr. Olpherts, I gathered that tlio ore was only sparingly distributed 
throughout the matrix. 

Origin of ore in the rock . — ^The lead occurring in a bed, and not in a lode, it is most 
probable that it was an original constituent of the rock in whi(;h it is now found ; and that 
whilst the rock was undergoing metamorphism the lead became segregated. 

Economic value , — ^In order to form a reliable estimate of the probable richness 
of this find, I had hoped that a fair amount of clean cut surlace would have been exposed 
for examination, but this was not the ease, as Mr. Olpherts, who had the management of the 
prospecting operations, had not had time to open out enough of the bed. 

If the indications, however, of lead at the surfiuie may bo taken as a fair critiU’ion of ilio 
riclmess of this quartzite, then I would at once condemn the whole, the proportion ol' on» 
to matrix being far too small make the working of bod a desirable spoculaiioii. 
It may also be stated that lead ores oceumng in beds or nests ar(^ usually poor in silviu*. 
But it would be premature to jiass a final condemiiatieu until further investigations liad 
taken place, and although, as I said above, the indications arc unpromising, J would yet 
recommend that a sum of 2 to 300 rupees should be placed at Mr. Olpherts* command in 
order that he might carry out to a more satisfactory conclusion Uie researches which he 
has initiated. 

Incidentally, I may mention that Mr. Olpherts possesses an extensive collection of tlio 
various iron ores of the country. Many of these aie very rich and occur in great abundance 
near to and around Slimanabiid. 

Jiina Ist, 1870. 


Note on the occubbence of Coal east of Ohhatiboabh in the country between 

Bilasp^jr and BXnchi, by W. T. Bdanfobd, F. G. S., Depy. Supdt., Geological 

Survey of India. 

The coal bearing (Damdda) bods of Korba extend for about forty miles to the eastward 
as far as Babkdb, in Udipur (Oodeypore). They also extexid tar to the south*east towards 
Gdnspur, and to the northwards toward Sirraa^ and in all probability are continuous or 
nearly so with the deposits of the same nature known to occur in those dikxictiB. 

Main Pat with the neighbouring hllk and all the country on the road from Main Pat 
through Chdndargarh and Jashpdr to BAnohi consist of metamorphic rooks witii the excep- 
tion of a cap of trap and laterite on Main Pat. 

The lateness of the season* prevented my searching to any extent for coal seams, 
indications of the existence of which were Afforded by the occurrence of fra^ents of coal 
in the rivers, especially in thelMdnd. 1 fbund a few seams near Chitra, twelve miles west of 
B&bkdb and nearly thirty east of Korba. or three are seen in the Mdnd about three to four 
miles east-north-east of Chitra, but they ao^only from a foot to eighteen inches in thickness. 
In a small stream, the Kopa Naddi, which runs south of Chitra, one seam, about three feet in 


After the end of April I had sdR 260 miles to march to Hazdrfb&gh. 
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thioknoKR, is scon near the village of Tenduintiri, more than a mile soul/h-west of Cliitr/i. It is 
nearly horiKontal, bavinf:;' a very low irregnlar dip to the west or south-west. Part coiisistH 
of fair coal, the remainder is shaly. 

THie only scam examined from which it is possible that a useful supply of fuel mij^lit 
be obtained is exposed in the same stream rather nearer to Chitra, bein^ about a mile from 
that vill^e, close to the boundaiy of the villap^e of Tenduraiiri. It is very badly seen, but 
appears to be of considerable thickness, perhaps twenty feet. The upper portion is so mu<*h 
decomposed that no trustworthy estimate could be formed of the quality without dig^in^ 
into the st^am : the lower portion appeared to Iw fair in places. The dij) is about 15° to 
north -north-west. 

The villagers, as usual, would give no information, so that I could only trace out tlic 
coal seams hy the laborious process of scarchiug the beds of the streams, and from want r^f 
time T was unable to ascertain whence the greater portion of the fragments seen in the 
Mand were derived ; but when passing through Kiinchi, Lieutenant Sale, in charge* of the 
Chota NAgpur Topographical Survey Party, told me he had found a seam of coal aluiul, 
four miles north-west of Rabkub in a small stream running into the Mand, and it is probable 
that this may bo the source of the blocks T saw in the river bed. 

I should add that several coal localities have been lately found hy tiu* ofIi(H‘rs of 
the Topographical Survey and recorded in their maps. They are all north of Korba 
and (Jdipur. 

When passing through Jashpiir, the Kajah told mo that coal has been found in his terri- 
tory in the Khurea country, twenty-four miles north-west of Jashpurnagar. This would be 
about ICX) miles, or rather more, w»‘st by south of RUnchi. 

Calt'iittay ill«< May 1870. 

Noth on Petroleum in IfuiiM^n, Ac., by William TuBonALi), Rs^j., Geological Suiwey 

of India. • 

Two very distinct sorts of earih-oil ai-e met with in the countries lying to the (Mistward 
of the Bay of Bengal, niz.^ tin* limpid oil of Arakan and the viscid oil ol‘ Burmali, which last 
is commercially known as the Rangoon oil from its port of shipment, tliough really obtained 
at the Yennii-Khyoung and other wells in Upper Burmah. The limpid oil of Arakan varies in 
tint from pale yellow to dee]> sberry brown, witb a peculiar oj>aUue tinge, something like that 
produced in alchoholic fluids by the presence of fusil oil in excess. The Rangoon oil, on the 
other hand, is of very uniform color, a peculiar yellowish green and of tarry consistency. 

I may here remark tliat the only other Indian oil I am iicquainted witli is that produced 
in the salt range in the Punjab, iliis oil is of' a consistency almost intermediate between 
the Arakan and Burmah oil, and difl'ers in tint from both, being brown, devoid of the peculiMr 
greenish hue of the Rangoon oil, and of a decidedly reddish color by transmitU'd liglit.* 
The wells producing the limpid oil are situated near Kyoukphoo, Rainroe, and the neighbour- 
hood, and are all confined to the western side of the Arakan range, and none of them occair 
at any great distance from the coast, whilst the viscid oil of commeTCO is similarly confined to 
the eastern side of the same range, (xxjurrhig most plentifully in Uj)p(*i- Burmah, but met 
with here and there in very sparing quantity as low down as the parallel of Myanouiig. 

Of the mode of occurrence of the Arakan oil and of the rocks with which it is assuciafed 
little is known. The wells are mostly shallow, almost superficial, and would seem only to yield 
Butficieut oil for local use, though their productive capacity has probably never been lairly 
tesU^d. 

The Burmese oil is worked much more energetically, though the geological relations of 
the oil are little better known than in Arakan. Some of the Yenan-khyoung wells are, I am 
informed, sunk to a depth of 100 or 160 cubits, first through a little surface clay and then in soft 
sandstone. Tlie age of these beds is not precisely known, but analogy would point to the 
uummuUtic formation as being the source of these oils. In the Punjab, the oil rises through 
contorted beds of nummulitic limestone, and is there in all probability derived from thick beds 
of oarl^naceouB shale with lignifr, which are associated with and underlie the nummulitic 
group. As the nummulitic group is largely developed in Burmah, wc may, in default of any 
precise infonSiatlon on the subject, refer in like.maSner the Burmese oils to tlie same group. 

* Dr. Oliiham hss drawn my attention to a remark of Mr. Wynne, that the oil obtained near Rawul Pindi ia 
eroen, when it hmnes to the enriaee. 'Fh« distinction, ihorefore, drawn by me between the color of ilie Pun,i&b ami 
llanfroon oils would ifteem to depend mainly on the relative length of time either haa been kept, and does not seem, 
as at first inferred, to originate in any essential dilTerence of composition .-—W. T. 
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111 the province of Pegu no nummuiitic rookti occur at the suffaue eafti of the lvaw;uli, which 
entire region ie occupied by a newer group of miocene age or younger, and no ^lotruleum well ia 
authentically known within this area. A little below Namidn there ia a tradition of petmleum 
having once been known to occur, but 1 visited the spot and could detect nothing to coun- 
tenance tbe rumour in the appearance of the sandstone or any of the neighbouring rocks. The 
occuiTcnce of oil, therefore, east of the Irawadi in Pegu must be held to bo an open question. 

West of the river, the only sitihtion where petroleum is known to occur which I liave 
as yet had an opportunity of visiting, is the newly discovered locality at Padoukbeen west of 
Thaietmio. The well was here sunk to a depth of about twenty feet in soi[\; argillaceous sandstonct 
rather tender and incoherent and of a dark bluish color, drying paler. The beds in the 
neighbourhood are shales and sandstones of tlie miocene series, dipping at low angles and 
very little disturbed, and not in the slightest degree altered. The oil seems to have been 
discovered by its saturating the soit sandstone where cut by a small stream in tlie bed of 
which the well is sunk, the top being a little way up the bank, but tlie well being carried 
below tiie level of the bed of the stream. Whether the well continues to yield, I cannot sajj. 
At my second visit it was almndoried and dry, but I hear it has again lieen worked. The oil 
from this spot is precisely similar in every respect to the commercial or Yendn-khyoiing 
oil, and is regarded as equal to it in value by the natives. 

There is no indication at this spot of any fault, and the chances of improving the supply 
by a deep boring aro hardly greater than of failure, as there is so little to guide the judgiiuiiit 
as to the source of the oil, and as these beds arc, I believe, high in the series to which they 
belong, a veiy thick set of unproductive beds would have to l)e ))assed through, unless t he 
bore struck a seam containing sufficient oil to constitute a Aowiiig well, the presence of which 
is by no means assured by the insignificant surface indications. 


NoTB on the PETKOI.EUH LOCALITY OF SUDKAL, NBAB FUTTIJtTNG, WEST OF RaWUL 
PiNOi, Punjab, by if. B. Wynne, P. O. 8., Geological Survey of India. 

The petroleum at this place occurs (as usual in the Punjdb, vide Geological Reports, 
Asiatic Society, &c.,) in the nummuiitic tertiary rocks. Just near the petroleum pits, as well 
as to the north and south, fossils occur, orbitolltes being by far the most numerous, but bivalve 
shells in a fragmentary state, teeth of sharks, and large bones are also to be found. 

Tlie pits, only one of which is of any depth, are situated in a small ox>en space a couple 
of hundred yards wide from north to south, covered with superficial debris, and bounded in 
these directions by rocky ridges of slight devation. To the east and west are the sources 
ol* some of the numerous steep ravines which intersect the country everywhere. 

The tertiary rocks on both of these ridges are much contorted along narrow axes, but 
still possess considerable regularity of strike in a direction about 10*’ north of east and 
south of west. They dip at high angles, varying from vertical to 60® or 60® generally west 
of north and east of south, but lower angles and horizontal beds may also be observed 
forming parts of curves in the same neighbourhood. 

The rocks consist mainly of gray grits and sandstones, with some bands of gray fossil- 
iferouB limestone iuterstratified with thick zones of red shale. 

In the immediate vicinity of the pits the strike of the rocks changes to about north-east ; 
they dip at very high angles to the north-west and seem to run against a mass of red shales 
within a few yards of the principal sinking, being perhaps fiuilted, but the relations are almost 
entirely concealed by the covering of superficial debris. 

To the southward of the present works within a few feet dark brown shales and 
sandstones impregnated with x>etroloum are exposed by an open ' driit* or * stope* (cut ap- 
imrently to seek the most productive band), and these as well as a band of limestone 
in places satiuatod with the oil may be traced for a few yards northeastwards, wiiero a 
quantity of tHe oil seems to have exuded from the rocks and mingled with the surface soil. 

Owing to the abandoned state of the works at present and the insecure gear at the 
pit’s mouth, it was not found practicable to descend, but m the pit is only twenty or thirty feet 
in depth, the oil could be seen trickling from the highly inclined strata lorming the sides, and 
which dip at the upper part of the pit north-west at 70®. A ‘dhol,’ Imvered quietly 
and di'uwn up as mpidly as possible to avoid loss by reason of its leaky condition, contained 
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about seven or eight vertical ^chos of the oil floating upon clear water, this being rather loss 
than the probable depth of that in the pit, which hi:^ been accumulating for three or four 
xnontlis. 

It was stated by a native in charge of the place that the oil ran slowly and coagulated 
in the cold weather, in consequence of which the works had been temporarily stopp^, and 
that when in operation about one maund of oil daily co^d be obtained. The colour of that 
taken from the pit was green, hut some found in ^ neighbouring shod was of a dark 
brown tinge, and burned readily with dense black smoke. 

It is understood that the mineral oil procured from here is to he used in lighting the 
station of Rawul Pindi with gas. A ‘ gas house’ was seen in course of construction there, 
ajid largo gas mains lie along some of the roads, so that the question of supply becomes of 
irnf)ortancc : the quantity reported to bo obtainable seems so far from encouraging that I 
doubt whether some larger prospect must not have existed before on expenditure upon gas 
pipes, Ac., was sanctioned. 

The locality where the oil occurs is evidently of but limited extent near the village oi‘ 
Sildkal, and it would appear necessary, in order to develop its resources, to open much more 
extensively, across the run of the beds, trenches cut downwards to the rocks, whicli are now 
so much concealed just near the pits. Even if this was done and other pits sunk, tht*re is no 
reason to suppose any of them would he more productive than the present shall, and so far as 
can be judged Irom what is visible there is not room for many. 

As to the possibility of an increased quantity of the oil being obtained by deepening 
the existing shaft, it can only be said that as the beds are nearly vertical with some underlie 
north-westward, if these relations are preserved, the pit in depth ought to pass through 
the beds at present yielding the oil and to enter those seem at the surface in the drift south 
of the pit, whore it may be presumed tbc x)ro.spcct of findiug the oil in siiffitiioiit quantity was 
less favcmrablc, or the shall would l»ave been sunk there. As the bedding of the rocks is 
much disturbed their continuing to lie in the same Y) 08 iiion for any distance cannot be calcu- 
lated upon, but it seems lik(*ly that (if it has not alrtsady done) the shaft miglit with 

some advantage be carried down to intersect the oil-beai*iiig rocks south of the pit. 

To sum up : from what is now to he seen at this petroleum locality, it would he advisa- 
ble to extend the search further before building hopes upon the place as a source of 
sui)ply for lighting Itawu] Pindi, and the quantity said by the man in charge to have been 
uhtaiiu'd from the present sinking would hardly wiiiTant expectation that suliicionlly large 
results would be obtained by opening other shails in the same neighbourhood. 


On TJTK 0CCUUEF4NCE OF ABGKNT] FEROUS 0 ALENA AND CoPPBR IN THE DISTRICT OF 

MANiiJifiii, SOUTH-WEST FRONTIER OF BENGAL,— by V. Ball, Esq., B. A., Geological 

Survey of India. 

Altlimigh the greater portion of the district of Manhhum consists of motamorphic and 
Ruh-metamorphic rocks*, both, but especially the latter, likoly to conhiin ores of the useful 
metals, hitheiio no disenveries of the existence of any appear to have been recorded. 

The occurrence of gold in the streams of Maiibbdm and tlie adjoining districts has, 
however, long been known. Its mode of occurrence has already been described in these 
pagesf. 

During my geological examination of Manhhum, the discovery of galena or lead ore was 
made in the following manner : — When at Dadka, a large village forty-five miles south-south- 
east of Purulia, which is the sudder station of Manhhum, the Ghatwal brought to me a small 
piece of galena which had been given to him a few years before by some Kumars, He did not 
know what it was, but used some of it instead oi' Surma or antimony for the purpose of 
anointing the eyes of his female relatives. 

By enquiry from the Kumars of the neighbourhood, I was, after sevend failures, at length 
enabled to trace the sour^ from whence the galena hod been obtained. The lode, for it 
proved to be such, had been struck some ycai-s previously by some Kumars who were search- 
ing for iron on the side of a hill formed of mica schist, in which tliero ore a number of 


blatvs, iiuarlzites, BcliiHts, &c. 


t I^eionls, 1809, 11. 
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veins or small lodes filled with brown hsemaiite. This hill is close to a dih willed Jani-iour, 
where there is an outlying house of the village of Dekia, which lies about a mile east 
from Dadka. 

I could not ascertain that the Kumars had met with galena in any other jjart of tho 
neighbourhood, tliough excavations for iron wore plentiful. 

Having found traces of galena the surface, 1 proceeded to excavate, and soon obtained 
a number of fine specimens of the ore. It occurred quite independently of tho bedding of 
the schists, sometimes in lenticular masses five or six inches long surrounded by quartz, 
and sometimes in a gangue principally composed of brown Inoinatite and quartz ; these 
appearanwiS justify the conclusion that tliis is a case of a true lode. Owing to the excessively 
jungly and broken condition of the ground, I wras unable, during the period of niy brief 
visit, to trace the lode for any distance, and for tlio same reason 1 was unable to ascei^in its 
exact width. Although, tliereforc, much remains to be ascertained regarding it, still, so 
far as it has been examined, the indications may be affirnutd to be pn)mising. All 
who have given the least attention to the history of mining are aware of the ca}>ricious 
character of lodes, and of the impossibility of forming even an approximately corri'ct opinion 
as to tlie value of any particular one — which is not laid open by a natural section — until 
some outlay for excavation bas been incurred. 

In addition to the fact of the exi8tenc.e in any part of this country of such an ore as 
galena — supposing it to be in qujiniity — there are many collateral questions and conditions 
to be considered and ascertained before tbe commercial value can be ])roperly estimated ; of 
tliese the most important are the presenct' or absence of other valuable ores or metfils in 
association with the principal, the abundance and quality of labour and fuel to be obtained 
on the spot, the means of can'inge with the distance of the nearest mart, and, x> 0 ]^baps, not 
of least importance, the healthiness of the locality. 

With regard to the first question, the assay of some of my specimens by JW r. Tween has 
proved the presence of silver in the unusually large proportion of 119 oz. 4 dwts. 16 gi*s. 
])er ton of lead*. The assays of most other Indian galenas have givim a much smaller arnoii nt 
than this. In Europe, Irom 35 to 40 oz. per ton is considered quite above tho avemge yield, 
and argentiferous galena containing very much smaller amounts is frequently wuiiod for 
silver with profit. 

Mr. Tween has also ascertained tho presence of antimony in combination with the lead. 

Regarding the amount of coolie labour to be obtained, I have no hesitation in saying 
that it would be abundant. Such was found to be the case in Singliblium, when the Copper 
C^ompany was at work there. 

Of the fuel, it is not easy to speak with so much confidence : undoubtedly there is a very 
considerable amount to be had close*by, as the locality is almost in tho centre of the 
Jieaviest tree jungle in Maribhiim ; but all experience goes to show tliat such a source of 
supply is very precarious and uncertain. Possibly it might be found more economical 
to transmit tho ore — should it ever be worked — ^to the neighbourhood of coal, rather than to 
attempt smelting on the spot. 

Tho means of carriage arc indifferent, or rather bad. Diidka is connected with 
Piirulia by a partially finislied roa-tl, without bridges, which w'as commenced during the 
famine. From JPiirulia to the Barakar Railway Station there is a road which has for many 
years been in the hands of the Public Works Department, but is still far from finished. Tho 
distance by these roads is about ninety miles. From Dadka to Midnapore vid Silda, the 
distance over bad roads would be about seventy miles. From Midnapore the ore or metal 
might be scut by canal to Calcutta. 

The climate is not generally considered healthy for Europeans ; still there are many 
worse places in the district. Doubtless the removal of the heavy jungle would ultimately 
produce a beneficial effect. 

The nearest locality to this at which lead has been discovered is at Hisato in Chota 
Nagpiir. The antimonial galena from that locality has been des(;ribed by Mr. Piddingfon.f 
Prom the first specimens sent to him by Major Ouseley he obtained silver in the pro- 
portion of 70 oz. per ton of ore ; but other specimens subsequently received did not contain 
a trace of silver. 


* This proportion may poiiiRiftly not he constant throuirhoal. 
t Jour., Afliat. Hoc., Dcngiil, XI, pi SttZ; Xll, p. 730 , XV, p. &i. 
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Coi'PEE Ores. 

Copper ores have been diseovered in two localities in Mdnbbum. The principal is 
situated on tbe crushed and faulted Junction of the laetamorphic and sub-metatnorphic 
rocks about one mile north-east of the village of Poordah, Pergunnah M&nbazaar, or about 
thirty miles from Pilrillia. 

The rock in which the ore occurs is a coarse mica schist, whicih is traversed by nu- 
merous veins of quartz. Whatever the amount or quality of the original ore may have been 
which existed near the surface, it has nearly all been removed by natives, slight stains of 
the carbonates of copper on the schist and quartz debris alone remaining to indicate the 
object for which the numerous excavations which occur along the outcrop have been made. 

These ancitmt excavations at the time of my visit were filled up, some with water, 
others with debris, which circumstance, coupled with the fact of the ore having been 
removed, rendered it difficult to form a decided opinion as to the precise nature of the 
deposit. Subsequent examination of the numerous and oftim well-exposed copper ore deposits 
of Singhbhum*, which app(?ar to be of mixed chanieter (generally the ore occurs disseminated 
through regular beds of schist; b»it departing from this rule, it occasionally occurs in 
true lodes), lias induced me to b(‘lievo that these ill-seen Manbhum ores also occur in a two- 
fold manner. It is possible that the copper-bearing beds of Manbluim may belong to tbe same 
Geological Zone as those ot Singbblnim; but there are arguments against, as well as for, this 
view. The whole question must bo treated in greater detail than is now possible. 

The second locality at which copjier occurs is near the village of Kidianpur, or 
about thirty-two miles due west of that just noticed. It is on a small hill formed of schists 
and quartzik^s, which in one place are stained and encrusted with the carbonates of 
copper. There is an amucut excavation on the south fiank of the hill. So far as it is possible 
to judge, the d<*posit seems similar to No. 1. It is not improbable that the ore may be found 
further westwards, but I did not succeed in obtaining any trace of it in the section expost'd 
in the Subanrika river. There is a small quantity of slag at tbe bottom of the liill, which 
indicatcjs that the ore which was found here was smelted on the spot. 

The small indications of ore to he seen at the two localities mentioned above are certainly 
not sufficient to justify any cxp<!ndituro for excavating, more especially as the attempts 
to work the similar, hut vjistly more cxknisive copi)or deposits of Singhhhum, have not 
hitherto proved to be remunerative speculations. 

Various rumours of the occurrence of ores of tin and copper in diflerent parts of 
MAnbhum have from time to time been promulgated ; but the supposed ores of the more 
valuable metals have generally proved to be either some form of iron ore, the green mineral 
epidote, or a brouze-coloured mica. 

30M Jane 1870. 


DONATIONS TO MUSEUM. 

Ajjjird 2ntl. — S])eiuniens of salt from the Sauibur Lake. K. M. Adam, Esq. 

„ 26^/*.— Specimen of iietrified grass (rushes) from Java. Mrs. Banzigrr. 

Mag let — Two earthen pots from the Andamans and Nicobar Islands, a few stone 

implements, and fragments of pottery from the Andamans. 

Feud. Stoliczka, Ph. d. 

Ia'L — A cup carved in serpentine from Skardo, Little Tibet. Ditto. 

„ 2«rf. — Twenty-one ornamental (carved and moulded) bricks from Kishnagurh. 

Mrs. Wood. 

June rM . — A perfect crystal of oxide of iron, psoudomorphic of iron pyrites, from 
the foot of Sinawur hill, at head of the Suddoom valley. 

Captain T. T. Carter, e. e. 

„ 29^^.— A compMe series of twls, used in South Staffoi-dshire for sinking colliery 

pits and for working coal and ironstone. S. Minton, Esq., Dudley. 

Jea/oro ***'’®‘“ inaruiureiiumber In tbe map accompanying which the posiliuu of the 
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In addition to the above, we have resceived many spoeimens of various kinds for assay . 
or examination, among which some of the more ini|K)i'taut were of iron ores from various 
localities. 


The results of a recent search in the neiglibourliood of Hazdribagh yielded to Dr. Coates 
and Mr. Donaldson a considerable variety of ores, tlie principal of which were from 
the Karaiipura coal-field and its vicinity, examined Hometime since, but not ]niblished from 
want of a corrciit map. The following nimibers show the pei-centage of metallic iron con- 
tained in each. Of course this is the full percentage, and this proportion would not Ih' 
obtained in manufacture. As the details of these researches will Imj given elsewhere, we only 
give the localities and percentages here : — 


Belhargadha 

Chejiojiigra in the Karan}mi‘d valley 
Murai Kalan 


Arahara village ... 

Scam 12 feet thick in Damiida 
Mandu 


Gondalpura 
Arahdra stixnim 


3(>'6 per tjtuit 


of iron. 


5&S 

l(i*4 


37-3 

42*12 

11*2 

25-6 

338 


A spc'cimcn, fonnd loose, to the north-west of ITazdribSgli yielded 68*7 ])er cent. With 
the pxcc])tion of this, which is inagnetito, and of the Bclhargadha speeiinen, all the others 
are varieties of clay -ironstone. 

From the Wiin District, East Berar, the Deputy Commissioner forwaixled several ores 
for assay. Some of these were fine rich brown hoimatite traversed by crystalline veins ol' 
the pure mineral ; these varieties were assayed, yielding, respectively, 60*4, 66*3, and 44*0 per 
cent, of iron. If with those we take the i)ercentagc of the pure limonite, we will have— 

632 

60*4 

66*3 224 

, or an average yield of 66 per cent, of 

metallic iron. There are distinct traces of phosphorus. These specimens were from veins of 
segregation traversing the l>ods ; but some of the beds fhemsedves arc rich and useful ores 
yielding 48*0 and 45*8 per cent, of iron. 

In the immediate neighbourhood of these ores heaps of old slag are scattered over the 
ground. These slags, the result generally of very crude and inefficient metluRls of smelting, 
often contain a very large dose of iron, and it was int^u’esting to examine them. Two speci- 
mens were assayed ; and one yielded 38'0, the other 34*8 pt;r cent, of iron — an amount which 
would be ample to pay for re-sin citing these slags in conjunction with other ores. 

In the Yenak hills, which occur west of the village of that name, near the river 
Painganga, in the southern part of the Wun District, E.'ist Berar, Mr. Hughes and Mr. Fedden, 
during their recent examination of the country, traced over on extent of some five to six 
miles in length two thick beds of conglomerate (uowhei'o less than nine feet) containing a 
large proportion of rolled lumps of a very rich Inematite. This on assay yielded no less 
than 68*5 per cent, of iron with a trace of phosphorus — no manganese. 

All these are rich and valuable ores of iron and occur in large abundance. The noted hill 
from which much of the ore smelted by the natives in North-Eastern Chanda is derived, the 
Lohara hill, near Bissanpiiri, i? one mass of iron-ore of a couple of miles in length. A 
specimen brought by Mr. W. T. Blanford proved to bo nearly pure HiKJcular iron with a 
proportion of magnetic iron, and yielded to assay 70 per cent, of metallic iron ! 


ACCESSIONS TO LIBRARY. 

From 1st Atbil to HOrn June 1870. 

Titles of Books. T>(mors, 

Arbeiten der geologischen section fiir Landesdurchforschung von Buhmen, Royal 8vo., 
Prag, 1869. 

Babbakue, J. — Syst^me silurien de la Boheme, Vol., VI, 1 Text©, Distribution, Pt. 2, 
Phiuches, 351-460, 4toi., Prag. 
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OUDH.— Records, Government of Ondh, in Pablic Works D^artment, No. 20. Progress 
Report of Porcst Administration in the Province of Oudh for 1868-69, 
flsc., Calcutta, 1870. Govt, of Oudh. 

„ Report on the condition and management of jails in the Province of Oudh for 1869, 
flsc., Lucknow, 1870. Govt, of Oudh. 

„ Report on the Police Administration of the Province of Oudh for 1869, fisc., Lucknow, 
1870. Govt, of Oudh. 

Punjab. — Selections from the Records of the Punjab Government, No. VII, 8vo., Punjab. 

Govt, of Punjab. 


Tbansactions of Societies. 


Beblin. — Monataberioht der konigl, Pruas. Akad., January to April 1870, 8vo., Berlin, 1870. 

The Academy. 

Calcutta.— Journal Asiatic Society of Bengal, Vol. XXXIX, Part I, No. 1, Part II, No. 2, 
8vo., Calcutta, 1870. The Society. 

„ * Proc. of Asiatic Society of Bengal, Nos. lY and V, 8vo., Calcutta, 1870. Ditto. 
Ploeenoe. — ^Bollettino Comitato Geolo^^co d*Italia, Nos. 2 and 3, 8vo., Italy, 1870. Ditto. 
Lausanne. — Bull, de la Soci^td Vaudoise des sci. naturelles, Vol. X, No. 62, 8vo., Lausanne, 
1869. The Society. 

London. — Journal of the Society of Arts, Vol. XVIII, Nos. 897-911, 8vo., London, 1870. 

The Society, 
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Proceedings of the Royal Society, Vol. XVIII, Nos. 116-118, 8vo., London, 1870. 

The Society. 


Quarterly Journal of the Geolo^cal Society, Vol. XXVI, Ft. I, No. 101, 8 vo., 
London, 1870. The Society. 

Proceedings of the Royal Geographical Society, Vol. XIV, No. 1, 8vo., London, 
1870. The Society. 


Falebuo. — Giomale di scienze natural! ed economiche del consiglio di Perfezionamentodi, 
Palermo, Vol. V, Fasc., 3 and 4, Part I, 4to, Palermo, 1869. 

Fabib. — Bull, de la Socidtd Gdologique de France, 2nd Ser., Vol. XXVI, Nos. 4 and 6, 
8vo., Paris. The Society. 

„ Annales des mines, 6me. Ser., Tom XVT, Livr. 6, 6, 8vo., Paris, 1869. 

Philadelphia. — Journal of Franklin Institute, Ser. 3, Vol. LVIII, Nos. 6, 6, 1869, Vol. LIX, 
Nos. 1-2, 1870, 8vo., Philad. The Institute. 

St. FbteebBUBG. — ^Bulletin de 1’ Acad. Impdriale des Sciences de St. Petersburg, Vol. XIV., 
Nos. 3 and 4, 4to, St. Petersburg. 
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BeFOKT oh the FBOOBESS and BESUIiTS OF B0B1N08 FOB COAL IN THE GoDAvAUi 

Valley neab D6mag6dem and BhadbXchalam, hy W. T, Blanfobd» F. G. S., 

Deputy Buperinteudentt Oeologuxil Survey of India. 

The occuirence of fragments of shaly coal in the bed of the Goddvarf close lo the 
spot where the T&l river joins it from the north, about twelve miles above Dtimagudem, has 
been known for severid years. It was noticed by Mr. Wall in his report of his journey to 
Kota near Sironchfi. in 1867, and tlie coal was by him supposed to be derived from the Tdl river. 
An examination of the T41 for a considerable distance above its junction with the Godavari, 
however, having proved fruitless. Colonel Haig, the Superintending Engineer of the God&vaxi 
Navigation Works, asked me to examine the spot when I was marching down the valley in 
May 1867. 1 found that in the Tal, near its junction with the God&vari, the only rocks 
exposed belonged to the Tdlchir group, whilst the Damuda shales and sandstones, which alone 
have been hitherto found in the Indian Peninsula to contain coal, appeared at the spot where the 
smaller stream joined the Goddvari, and 1 suggested that the coal probably came from a seam 
buried beneath the sand of the river, and advised exploration by digging away the sand 
and closely examining the rocks. This was done by Mr. Vanstavem, Executive Engineer, 
and resulted in the discoveiy of coal in four places, all a little lower, down the river than 
the mouth of the Til, so that the bed from which the fragments first found weiu derived 
has not yet been detected, but as a large quantity of silt and sand has been accumulated 
near the mouth of the Til of late years, it is probably now covered to a considerable depth. 
The quality was inferior. Of the seams found, two, neither of them exceeding 2 fret in 
thickness, were detected close to the left bank of the river, opposite the village of Lingili. 
The quality of the coal is rather inferior, and both seams thin out and disappear within a 
few yards ; moreover, as the dip of the rocks at Lingali is towards the river bed, or south- 
west, and the outcrop exactly parallel with the bank, it is clear that the beds, even if of good 
quality, could not be easily worked at this spot, as the whole of them within any reasonable 
depth must be beneath the bed of the river. 

The third seam found crops out in the middle of the river bed ^ it is about 5 fret thick, and 
the quality appears bethar than in the other seams. The reef of sandstone resting on this coal 
can ^ fairly traced at intervals for some distance, and after running along the river for about 
a mile, it turns in towards the right or south-west bank. Here its conrae becomes obscure. 
Borings were put down by Mr. Vanstavem near the spot where the coal would probably crop 
out on the bank, but without success. Another thin seam, only 2 feet thick, has also been 
detected by Mr. Vanstavem on the righ^bank of the river. This, like the two first met 
with, thins out within a few yards in one direction. 
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1 reached Ddmaglidem on the 25th December 1870, and learned from Colonel Haig that 
besides the coal at Ling41d near the mouth of the Tdl, some had been reported farther down 
the river at a village named Madavaram below Bhadrachalam. This place is below 
the first barrier on the Godavari, and is consequently at all times in free communication by 
water with the coast, whilst Lingala is above the first barrier, and although communication 
is now possible during the greater part of the year, it is not easy for laden boats except for a 
few months. At the spot where ooal was said to have been found, I could detect nothing except 
some shaly dark coloured sandstone, but the rocks around were unmistakeably Damudas 
and there was every reason to hope for success in the search. 

An examination of the gi'ound showed that the Damuda rocks extend for a short 
distance on both banks of the river, but that sections are very few and imperfect. On the 
left bank which belongs to the Upper Godavari* districts, {here are scarcely any rocks 
visible except at the hills near Daorpali, and these are probably of a higher group, nearly the 
whole surface elsewhere being covered with alluvium. The beds appear to extend about 
six miles along the river from Gogubakd to Nnndigur, but not more than from a mile to a mile 
and a half from tlie bank. On the right (south) bank of the river they extend about five 
miles from Falaram to the bend below Madavaram, stretching for a mile and a half to two 
miles inland. Above Palaram there is a break occupied by metamprphic rocks for a mile 
and a half; above this, again, at Pundigdl the Damddas re-appear and occur for about 
one and a half miles to a little above Amravaram, then they are covered apparently by 
the K&mthls, but the two groups hero resemble each other so much in mineral character 
that their limits are difficult to define, especially as nearly the whole surface of the country 
is thickly covered with alluvial deposit. The Damudas near Amravaram cannot be traced 
more than about a mile and a half from the river s banks, beyond this limit they are entirely 
overlapped by the Kamthis. 

Along the right (or south) bank of the Goddvai*f a tolerable section of the Damtidas 
is exposed, consisting of conglomerate, sandstone, shale and clay, but no coal. There are, 
however, many breaks in the section, and it is evident that an examination of these by boring 
would prove conclusively the presence or absence of any bed of coal extending over the whole 
* field. Local beds, of course, might be found elsewhere, but their value must be comparatively 
smalL It is also manifest that a thorough exploration can only be made south of the 
river, as to the north the beds are so much concealed that, except in a few spots, all borings 
must be put down at haphazard. 

The general dip seen in the river’s bank near Madavdram is to the westward, the rocks 
at the village being inclined at a high angle and much broken and disturbed ; a short dis- 
tance to the east down the river there is an anticlinal, at the spot where a small stream enters 
the river. From this point eastwards to the bend of the river, a distance of less than a quarter 
of a mile, the rocks either have a low dip to the east or are horizontal, and the prevalence 
of conglomerate shows them to bo in all probability near the base or limit of the formation. 

It is evident that the anticlinal exposes the lowest rocks to be seen on the river bank, 
and that a boring at this spot must penetrate beds lower in the series than any exposed 
elsewhere. On the arrival of the boring tools, I arranged with Mr. Vanstavern for a borehole 
to be begun at this spot. This was commenced on January 17th and carried on until April 
12th, up to which time 192 feet had been penetrated ; the borehole was then stopped in 

* 1 do not know wbo bestowed this name on the districts, but It is an absurd, misnomer. The Upper Goddvari 
i oan onljbe Umt portion of the river's course above its junctioa with the Franhitd, if not higher still, where it 
traverses the Bombay Presidonoy. Sironohd at the upper extremity of these “ Upper Qoddvari districts” is 210 miles 
as the etow ffies fironi the mouth of the nvor and 400 miles from Its sonroe ! 
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consequence of the tools being required to prove the coal discovered on the opposite side of 
the river. The section passed through was— 


1. — Brown Bondstone 

2. — Shale and clay of variouB colours, mostly dark-f^rcy 

rCoal and shale mixed 

g J Dark-ifrey shale ... ... ... ... ♦ 

* I Ditto ditto with fragments of cofiX 
I, Ditto ditto ... 

4. — White sandstone, conglomeratic in places, with thin beds of 
towards the base 

6. — Shale and clay with a little sandstone .. 

. /Co*! 

' shale and cool 

7. — Dark-grey shale with a few fragments of coal in two places ... 

8. — White sandstone 


Ft. In. 
... 24 6 
... 21 1 
... 0 8 
... 0 7 

... 0 8 
... 18 9 
shale 

... 63 0 
. . 37 2 
... 0 8 
... 1 4 

... 26 1 
8 4 


1»3 6 


I next arranged for a series of fourteen borings to explore the portions of the section not 
exposed in the river banks to the west of Madavaram between that village and Damarcherla. 
These varied in depth from C to 20() feet, according to the extent of the breaks in l-he 
section, and the plan proposed was that all the smaller boreholes not exceeding c)5 feet 
in depth, nine in number, should be made by jumpers with extra lengths of light rods to 
screw on. The remaining five boreholes alone would require the use of the heavier boring 
rods. In the ground opposite Madavdram no boreholes were put, because the breaks in the 
section are trilling, and the disturbance so great that there is reason to believe that a repeti- 
tion of beds takes place. 

To the west of Damarcherla one eiHpi^fidditional boreholes might have been required, 
but a little beyond the village the bedgjjjwn up, dipping east, and then roll over again, and 
just beyond the small anticlinal, very unpromising conglomerates, perhaps belonging to a 
higher group, come in, in which there is no break of section which could conceal a coal scam. 
Two or three small jumper holes were put down to the east of Madavdram. 

Of the holes proposed six wore carried out, viz,, four jumper holes and two boreholes, 
when peremptory orders were received from the Government of India to discontinue all 
boring operations in the Nizam's dominions. It is doubtful whether the boreholes in the 
bed of the river were in the Nizam's dominions, but pending a reference to the Government 
of the Central Provinces, one set of boring tools was moved across the river into British 
territory in order to test some ground near the boundary of the field, and close to the base 
of the measures, on a horizon which did not appear to have been proved by the borings on 
the opposite bank. 

It should be stated that the borings, so far as they had been carried out on the right 
bank, had shown the existence of sandstones and shales similar in every respect to those 
seen in the bank of the river, except that in two or three instances small fragments of coal, 
proving the existence of very thin seams, probably not exceeding two or throe inches in thick- 
ness, had been brought up by the borer. These little seams, although absolutely worthless in 
themselves, are of importance, as indicating that the mineral does occur in the bods, and 
that hopes may be entertained of larger seams being found. 

The place selected for a boring on the north or British bank of the Godavari was on 
the right or west hank of a stream called the Ganar, rather less than half a mile from the 
Godavari, and about the same distance east of the village of T&tpali, at a spot where some 
brown sandstone, dipping to the south, is* seen on the bank of the watercourse. A little 
more sandstone of the aaTTift kind is seen up the stream to the north, and then mctamorphics 
crop out, the latter appearing about 500 yards north of the spot selected for bonng. For 
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some distance east and west all is alluvium. It was Loped that a borehole at the spot 
selected would afford a section of the lowest Damiidd beds ; lower than any passed through 
in the boring east of Madavdram. The borehole was commenced on the 12th April, and the 


section traversed was — 

Ft. In. 

(No. 1). Soil and pravel ... ... ... ... ... B 6 

*1. — Brown and yellow sandstone ... ... ... 26 G 

rShnlo, pale above, darker bolow ... ... ... 7 0 

Coal ... ... “ ... ... ... 3 0 

^ j Do. mixed with shale ... ... ... ... 1 0 

‘ j Dark oarbonacoous shalo ... ... ... 6 0 

\Coal ... ... ... ... ... ... 8 0 

l^Dark shalo with 2 inches coal ... ... ... 6 0 

3.-*Wluto sandstone ... ... ... ... ... 27 0 

80 0 


The higher 3 feet of coal appears to be of better quality than the lower ; an analysis 
of the small fragments washed from the samples brought up from the borehole gave the 
following (average of three samples from three different levels)— 

Volatile ... ... ... ... ... ... 87*7 

Carbon ... ... ... ... ... ... 427 

Ash ... ... ... ... ... ... 19*6 

100*0 


The volatile portion comprised 10*8 per cent, of water. This is by no means a good 
result, but still some use could be made of such coal, and it should be remembered that 
analyses of such samples as are obtained from borings are only approximations, although 
they are usually not for from the true composition. 

When I heard of the discoveiy of coal I was about forty miles from the spot. I marched 
to it at once, but before I reached it, Mr. Hcppel, who was carrying on the borings, had 
commenced a second borehole on some sandstone in the bed of the Gandr stream below No. 1 


borehole at a distance from the first of 125 yards south-east by east, 
following remarkable section 


(No. 2). 


1. — Tellow and brown sandstone 

'ISbale, partly dark-^ey, partly 
Coal 

Bhalo ... 

Coal ... 

Shale ... 

Coal ... 

Shale ... 

Coal ... 

Shale ... 

2 . -< Coal ... 

Shale ... 

Coal ... 

Shale ... 

Coal 

Shale ... 

Coal (shaly) 

Shale ... 

Coal ... 

LBlack abale 
8.— White aandatone 


buff 


This (No. 2) gave the 


Ft. In. 
28 0 
1 6 
2 0 

2 3 

0 6 
0 6 

1 4 
1 4 
1 0 
1 2 
1 8 
1 2 
1 

0 10 
1 0 

3 8 
1 0 
1 4 
0 8 
6 0 
8 2 


GO 8 


* The nnmbera 1, 2, 9, before the aeveral beds in the seotions indicate those which are supposed to be repre- 
sentative of the same part of the series in each. 




PAUT 3 .] Blanford : Borings for Coal in Godavari Valleij, 


63 


Aliogctbor the combined bed of shale and coal measures 29 feet 6 inches, of which 11 feet 
8 inches is coal, but the bands of coal and shale are intermixed in a way which would much 
increase the cost of working the seam. The astonishing change, however, in so short a dis- 
tance as 125 yards from a bed 25 feet thick containing 7 feet of coal in two well defined soanis 
exceeds anything usual even in India, amongst the very variable seams sometimes met 
with in the Barak4r group, and this amount of change within so short a distance rendered 
it doubtful whether the seam could be traced to any distance. 

It was now desirable, Ist, to ascertain the extent of the seam, and 2nd, its quality. For 
the extent two boreholes were put down, one to the east, the other to the west, at a distance 
of about one-third of a mile from No. 1, on the supposed strike of the coal seam. All 
the ground east and west for a considerable distance being completely covered by alluvium, 
the true strike could only be inferred from the line of outcrop of the motamorphic rocks 
to the northward. To the east the borehole (No. 4) was a complete failure. It was put 
down in an open plain north of the village of Ganara. It passed through 34 feet of earth 
and 18 feet of quicksand, in which no further progress could be made, as the sand filled the 
tube faster than it could he removed by the “ pump” or mineral lifter. A second borehole 
200 yards farther south (No. 5) was equally unsuccessful. After passing through 22 feet 
of soil and 24 feet of quicksand it also had to he abandoned. There was not time for more 
attempts in this direction. 

The boring to the west (No. 3) was on higher ground, just south' of the village of 
Tatpali. It gave — 

Ft. Tn. 


(No. 3). Soil and {Travel ... ... ... ... ... 3 7 

IP Sandstono, yellow, brown, and rod ... ... ... 29 9 

r Pale euloured abalc ... ... ... ... 10 0 

2? Bed and yellow sandstone with some shale ... ... 7 o 

(Shale, pale and dark ... ... ... 13 0 

3 ? White sandstone with a little shale and brown sandstone ... 34 8 


88 0 

In my absence this borehole was stopped by Mr. Heppcl, and another (No. G) started 
250 yards to the south-east. This was on somewhat lower ground, and as the beds dip south 
at a low angle the section is probably that of the same beds — 


Ft. In. 

(No.C). Soil ... ... ... ... ... ... 11 0 

1 ? Brown sandstone ... ... ... ... ... 13 10 

TBuff shale ... ... ... ... ... 0 0 

2? -< Red sandstone ... ... ... ... ... 2 0 

(park shale ... ... ... ... ... 6 0 

3? White sandstone with darker bands ... ... ... 46 0 


84 10 

These sections I am strongly inclined to believe are in the same beds as Nos. 1 and 2. 
We have the same general succession, brown and yellow sandstone above, then a thick bed of 
shale, and then white sandstone. 1 have recommended that one of the boreholes should bo 
carried out to a greater depth on the possibility of these beds belonging to a higher horizon, 
but I cannot think this at all probable. The evidence afforded by these boreholes appears to 
indicate that the coal thins out and disappears to the westward within a short distance. 

Meantime a lo^ity for a small pit had been selected up tbe Gan&r stream 350 yards north- 
east of No. 1 borehole, at a spot where some yellow sandstone, just like that immediately over 
the coal, crops out in the hank of the nala, in the expectation that this would be close to the 
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outcrop of the coal, and that a sinking of a few feet would produce abundance of coal to 
enable the quality to be fairly tested. A jumper hole, subsequently deepened by boring 
(No- 7), was put down in order to ascertain the presence of the coal. This gave — 

Ft. In. 

(No. 7). 1.— Yellow flandstone ... ... ... 29 6 

^BnfTshole ' ... ... 24 0 

1 Dark ahalo ... ... ... 0 0 

^•'icoal ... ... ... - .18 

(.Dark shale ... 20 3 


showing that the bods are nearly flat, and that a great increase of thickness in the shale has 
been accompanied by a diminution in the coal. A pit was therefore commenced close to No. 2, 
but when it was only 13 feet deep, the quantity of water met with retarded progress so much 
that it was considered advisable to commence another on the high ground 30 yards west 
of No. 1, as, although it would be a little deeper, it would not be equally liable to flooding, 
and might be used for the extraction of coal. A borehole has shown that the section is 
the same as at No. 1. This pit is now in progress. 

Meantime one more boring (No. 8) was made only 200 yards west-by-north from No. 1. 
The section was — 





Ft. In. 

Soil and gravel 

... 

... 

... ]() 5 

— Coarse brown Bandstonc 



... 4 0 

''Light coloured and bull’ sholo 



9 0 

Bed Randtjtone ... ... 

... 

... 

3 0 

Light blue shale ... 

... 


2 9 

Bod sandy clay 

... 


... 14 3 

Variegated clay 

... 


... 13 0 

^Dork sholo 

... 

... 

... 21 7 




78 0 


This boring was in progress when I had to leave at the end of May, and I have not yet 
received accounts of its completion. The enormous thickness of shale recalls the section in 
No. 7, and both sections may possibly be below the white sandstone which underlies the coal. 
But it is more probable that the shale represents the shale and coal found in the two first 
boreholes. 

Lastly, as the absence of coal had been proved to the north-east and west, and no borings 
had been found practicable to the east, while the ground to the south appeared equally 
^unfavorable for boring, except at a place on the bed in the Goddvari where operations might 
at any moment, at the season now reached (June), have been stopped by a rise in the river, a 
borehole was recommended 600 yards south of No. 8 and south -south-west of No. 1. This 
(No. 9) has given the following section, sent to me by Mr. Vanstavern since my arrival in 


Calcutta — 

• 
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(No.0). 

SoQ Ac, 


... 39 0 


1.— Brown sandstone and conglomerate 


... 23 0 


/Dork shale ... ..i 


3 0 


1 Ironstone ... 


2 0 


Shale 


2 0 


\c^ 


1 0 


Uhale 


... 8 0 


73 0 
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Ft. lu. 

73 0 
2 1 
2 0 
1 6 
1 6 
1 6 
1 0 
1 0 
2 O 
1 0 
1 0 
2 0 
23 0 

113 7 

The section is remarkably like that at No. 2. It decidedly strengthens the evidence 
in favor of all the boreholes having passed through the continuation of the same beds, for 
we have in this case a great thickness of shale as in Nos. 7 and 8, with the coal as in No. 2. 
The total thickness of coal as yet proved in this last borehole is 10 feet 7 inches. 

To sum up the evidence : the presence of coal has been proved over a small area which 
contains probably 26,000 tons, or rather more, of which quantity it is as well not to assume 
that more than one-half can be profitably extracted, owing to the great admixture of shale. 
It is probable that the seam may be traced for some distance to the south, because the amount 
of coal, so far as is known, increases in that direction, but it is hardly likely that a seam 
which thins out and disappears within so short a distance as 200 yards can be depended upon 
for any long distance. The quality has not yet been accurately ascertained. If on cutting 
into the coal it is found to burn fairly, a considerable quantity may be extracted, far more 
than sufficient to well repay the expenditure incurred in boring, but, except in the improbable 
case of the coal continuing for a distance to the south and east, no permanent supply can be 
depended upon from this locality. The great admixture of shale and the variation in the 
scam will render it necessary to mine a large quantity of useless rock, and this will increase 
the cost of the coal, but in a country where no other supply exists, this alone should not 
prevent the coal being worked. 

The locality is most favorable. The river is within half a mile when full, and about a 
mile during the dry season, and so soon as the coast canals are completed, it will be in cons- 
tant water communication with Madras. 

In conclusion, I would recommend that the remainder of this small tract of coal-bearing 
beds be thoroughly explored, as, even if no extensive seam of coal be found, a considerable 
quantity of useful fuel might be discovered, which would be available on an emergency. 
North of the river a borehole should be put down below the high bank at Rajgiimpa, at a 
spot where conglomerate is seen in the river bed, in order to test if the coal continues so far 
to the south-east. A boring might also be made where sandstone occurs in the stream 
northeast of Gaoriopota, and another south of the large tank near Egerpeta, west of Tatpali, 
and one of the boreholes already sunk, for preference No. 1, should be continued until the 
metamorphics or Tdlchirs are reached. There is little chance of good from any further 
exploration on the north bank. On the south or right side of the river, the series of borings 
planned west of Madavaram should be carried out. The small breaks in the section near 
Amravaram might be explored in the same manner, and especially a spot above the 
mouth of the large stream which enters the Godavari just above the village, as small 
fragments of shale and coal are hereabouts scattered along the edge of the river, and may 
indicate a coal seAm below the sandstone exposed at a place where there are some bushes 
beneath the bank. 


"Coal 




Shale, carbonacoouH 




Coal 




Shale, carbonaceous 




Coal ... 




- Shale, oarbonoceous 




Coal 

... 



Shale, carbonaceous 




Coal 

... 



Shale, carbonaceous 




Coal 


• •• 


VShale ... 



... 



66 Records of the Geological Survey of India. [voL. iv* 

If all endeavours to find a permanent coal supply in this locality fail, an eventuality 
for which we must be prepared, the next chance is near Lingala. Here I consider further 
exploration in British territory as almost hopeless, the Talchirs must crop out everywhere 
below the mouth of the Tal close to the river bank, so that the Damddds ai'e confined, or 
nearly so, to the bed of the river and the country on the opposite side. Above the mouth 
of the Tdl for some distance it is simply impossible to say what exists, for the whole 
country is covered with thick alluvium as far as Cherla, where the only rocks that are 
known to occur appear to mo undoubtedly Kamthis, and all the Damudas and Tdlchii's are 
overlapped. The only plan by which any good can be done is an exploration of all the 
breaks in the section exposed above tlie top of the Tdlchirs at Sangaram on the right 
bank of the river in the same manner as 1 have recommended near Madavaram. The di^) 
varies from 10® to about 20®, and the depth to which the boring in each case must be sunk 
will be found by multiplying the length of the break by the tangent of the angle of dip. 

I am under great obligation to Mr. Vanstavem for the very thorough manner in which 
he has aided me, and for his readiness to carry out every suggestion I made. Mr. Heppel s 
services in charge of the boreholes were invaluable ; it is mainly due to his thorough 
knowledge of boring and to his hard work, in an intensely hot season and despite many 
difficulties, that so much has been accomplished in a short time. 

CALCtTTTA, ) 


Note on the Nabbada Coal-basin, hg H. B. Medlicott, A. M., P. G. S., Ikjputy 
Superintendenty Geological Survey of India, 

Prom the point of view of uncertainty and of expectancy the Narbadd coal-fields aro 
at present the most important in India. They are the nearest known source of coal for the 
great region of North-Western India, where so many miles of railway are either open, 
under construction, or projected. Even as communications now stand, with the circuit 
through Jabalpdr and Allahabad, these fields are much nearer than those of Bengal to 
the Panj4b. When the rails are laid through Malwa and Gwalior the length of carriage 
will bo greatly reduced. Yet less is known regarding the resources of the Nai-badd area 
than of almost any other. The Warda fields have been comparatively recently brought 
to notice ; but their value and extent have been so well established by systematic boring^i^ 
experiments that the working of them is now only a question of time and convenience. Until 
similar trials are made in the Narbadd fields the prospect of a supply of coal there must 
remain uncertain, the naturally exposed sections of the rocks being so very obscure. There 
is an immense area beneath which it is possible, or even probable, that coal exists ; but its 
presence and the depth at which it must be sought are still unknown. In connection with 
this there is an interesting question of stratigraphy to bo discussed, and which would be out 
of place in this brief notice of practical objects ; the more so that I believe no amount of 
discussion upon surface observations could in this case finally settle the point or remove the 
necessity for actual exploration. The occurrence of a fine outcrop of coal in a convenient 
posifaon at the northern edge of the basin, and the formation of an efficient mining estab- 
lishment to work it, have, no doubt, contributed with other causes, such as the want of proper 
maps, to keep in temporary abeyance Jbhe further exploration of the field ; but it is evident 
that this should no longer be deferred. My brief report of last year (Records, Geological 
Survey, Vol. Ill, Pt. 3,) showed how much need there was for information regarding even 
the seimiis on the pitdrivd (at Mohp&ni) ; how limited their known extension ; how broken, 
crushed, and oven locally destroyed they are within those small limits ; how argent it was 
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to asscertain their extension beneatli the younger rocks to the south. AUliontijh little inform- 
ation has been gained within the last twelve months, and that little not very encouraging, 
the impoi^nce of the case makes it worth noting. The following notes, in continuation of 
my last year's report, refer only to the northern side of the coal region : every eiideiivour 
should be made to find the coal there before attempting to work the distant outcrops of the 
Upper Tawa valley, on the south side of the basin. The localities to bo mentioned in this 
paper may bo followed upon the small map attached to the report of last year, or upon the 
largo sketch map of 1859. 

During part of the past season 1 examined a number of sections along the northern 
side of the area of sedimentary rocks from end to end, but without discovering an outcrop 
of the coal-measure rocks (the Bar&kar group). This direct evidence failing, the fact that 
has most encouraged hope of the proximity of coal has been the occurrence in several places of 
Tfilchir rocks, which so constantly underlie the coal-measures. The outerop in the glen south 
of Futtehpiir was mentioned in last year's report. A much larger spread of the same rock 
is seen at the edge of the plains south of Dh4bka, eight miles oast-south-east of Sohdgpdr : 
again, to east of the Sitariva, half way between Chungaon and Hatnfipfir, close on the west 
of Nibhora village. But even this evidence is open to doubt : in all cases the rock in 
question is indeed the lowest seen, and is identical with the well known Talchir boulder 
clay ; but except for the boulders (which are not of large size) an identical clay is common 
in the adjoining Mah&d^va rocks, alternating with the more common mottled red clays. 
Thus, the identification of this boulder bed as Tdlchir rests largely on the assumption that 
there is no such bed in the Mahadevas ; it is certainly very different from the oi*dinary 
conglomerates of this series. It is moreover noteworthy that in the undoubted Tdlchirs of 
the Sitarivd section sandy rocks prevail : even the bouldor-bc^d is principally a sandstone, 
the clay being subordinate. 1 am, however, decidedly of opinion that the rock in the 
localities noticed belongs to the Talchfrs. The presumption thus gained in favor of the 
proximity of the coal-measures along this edge of the field is, no doubt, an uncertain one ; 
but it is something ; the Barakur and Talchir groups being about the two most constant 
companions of all the groups of the great plant-bearing series. It will probably be advis- 
able at some early date to make one or more deep borings through the Mahaddvd rocks 
at some little distance from the edge of the basin ; but, as was urged last year, it would 
bo unwise to attempt this until it be seen what can be learned from the exploration of 
the Sitariva field as to the conditions of the formations in passing southwards. 

Very little has been added during the past year to our knowledge of the seams iu 
the Sitariv4 (Mohpdni) field. What explorations have been made only bring into clearer 
view the greatly disturbed condition of rocks within the area exposed, and the corres- 
ponding deterioration of the coal. In the pits on the vertical seams at the norili edge 
of the field the coal has become greatly squeezed-out at a depth of 100 feet, and along 
the strike westwards, being at the same time reduced to an useless paste. Some shallow 
excavations on the outcrops in the ravine to the north of the Narbadd Company's mine 
show the coal to be tremendously crushed and mixed with the associated rock ; two strong 
trap-dykes here passing within a hundred yards of each other right through the measures. 
The trial boring at Pukuhi was carried to a depth of 110 feet. The i^esult was inconclusive 
and, in a measure, unexpected. The sandstone, which from its position and general appear- 
ance it WM thought might be the top-rock of the coal-measures, proved to be onl^ a band 
in the Mdh&ddvfis; the bore having gone through some 60 feet of the typical nid clay^ 
beneath it. Below this, however, the bore passed through dark-brown and d^rk-greyf 
slightly carbonaceous, clay. Such a rock would be ve^ unusual in the M6haddv4s in this 
position ; and would, on the contraty^ fairly represent the top of the coal-measures in the 
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norihem aectiou on the Sitariva ; the two being, moreover, on the same general stiike. 
Regarding the southern extension of the seams, where, it may be hoped, tiiey become steadier 
and farther from trap, no result has as yet been attained. The small trial-shaft and boring 
close to Benar on the north-west not having proved coal within 60 feet, Mr. Taylor shifted 
his operations to a point south-east of the village, and well in on the Mah&ddv4 rocks 
where he is now boldly sinking a shaft. He could not, within his limits, have chosen 
a better position for making a thorough trial of the ground. According to the nearest dip 
seen (26°), and supposing no intervening fault, the shaft may have to be sunk 235 feet 
before striking the measures ; but there is hope that the dip flattens, so as to lessen the 
depth. The shaft is now 98 feet deep, 92 feet of which were through an unbroken mass 
of mottled red clay, locally silicifiod and very hard, but all requiring to be cased up. 
The bottom 6 feet are in a firm, clear gray, sandstone-conglomerate. The plane of junc- 
tion, which (Mr. Taylor informs me) seemed regular, thus aflbrding a fair observation of 
the dip, sloped at 18° to the sonth-south-east. The prospects am so far improving. The 
spirited enterprise of Mr. Jones, the present proprietor, deserves every success. 

In my small map of last year I marked some T4lcMr rocks, with a query, on the 
south of Puwaria village. A re-examination of that obscure section, later in the season, 
when the ground is less concealed, has convinced me that the rocks are Mah&ddva ; thus 
making the suppression of the older rocks to the westward of the Sitariva much more rapid 
than was at first apparent. But there is no deciding as to the manner of this suppression ; 
it mfiy bo altogether duo to faulting or to' folding of the strata. The alternative suppo- 
sition to that of disturbance to account for this so sudden disappearance of the coal-measures 
would be that there is strong denudation-unconformity between the two rock-series. There 
are some puzzling sections about the mines seeming to corroborate this view of the case ; 
still it is hard to get over the fact first adduced against it — that in the best exposed sections 
the succession of the rocks seems regular. And there certainly can bo no objection now to 
the supposition of disturbance. The unpromising nature of the ground in this position, 
at the edge of the basin, is further displayed in this section at Puwaria by the discovery 
of four strong trap-dykes, or at least outcrops (tho section is so flat one cannot positively say 
how tho trap occurs), in a length of about three quarters of a mile. 

Several new outcrops of the lignite-coal in the Upper Mahaddva rocks have been ex- 
amined during the past field season in the hills east of tho Sitarivd. They all boar out 
tho opinion already given on the subject. 

There remains to notice the cool near Lokartilai at tho extreme west end of the basin, 
so far as exposed at the surface ; the whole sedimentary series there passing beneath the 
trap. The coal-band here seems different to any yet noticed. It occurs (see small map 
annexed) at some distance from the boundary of the motamorphic rocks, being exposed in a 
trench cut by the Moran across a flat anticlinal fold of the strata. The upper rock is a strong 
pebbly M&hdddva sandstone, but on what exact horizon has not been determined, imme- 
diately beneath which come the earthy coal-bearing beds. There is the usual appearance of 
complete conformity ; the upper rocks dipping at the same angles as the lower ; and the 
same beds of shale being identifiable on both sides of the anticlinal ; a thick bed of nodular 
and ishaly, micaceous and carbonaceous clay is recognizable at a few feet below tho 
sandstone on either side. There are altogether about 80 feet of the lower rocks : 40 
to 60 feet at top are earthy, some of the layers of shale containing strings of bright coal. 
These are best exposed in the southerly^elbow formed by the river. They rest upon a thick 
mass of fine , sandstones, between which and a similar mass below occurs the principal seam, 
it is about 4 feet thick. What coal there is in it is very bright ; but shale predominates 
in the, ^ass, and there is a groat deal of pyrites. Some explorer had last year cut a short 
into the seam and evidently abandoned it as worthless. This seam is about the lowest 
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bed exposed on tbe back of the anticlinal. I do not think that this band of coal-bearing 
rocks belongs to the Bar4kar group. I rather think it belongs to those younger beds of 
the Dainud4 series so largely exposed along the south base of the Pachmari range, and in 
which as yet no coal-outcrops of any promise have been found. Or, it may possibly belong 
to the Mah4ddva series. I was not fortunate enough to find any fossils to detennine 
this point ; and owing to the isolated position it will be a very tedious matter, if even 
possible, to work out the question atratigraphically. 

Camp, I 
Mag 1871- ( 


Sketch of the Geoloot of the Centizal Peovinces, bg T. Oldham, P. li. S., Sapdt,^ 

Geological Surveg of India. 

[In connection with the valuable scries of Gazetteers which are now in course of pub- 
lication under the authority of Government, the Geological Sui-vey have from time to time 
afforded information to the officers charged with their compilation. This has frequently 
been on isolated points, but we have also been urged to give general and sketchy out- 
lines of the geology of the various provinces viewed more as a whole. Such sketches are 
necessarily brief, being very limited in the space intended for them, but they may be useful 
to others as giving a more general outline than separate reports could do. It is, therefore, 
in contemplation to reprint these in the present series of records. Of those which have 
been already furnished, that of the Central Provinces has appeared soonest. It is now given 
here. It was written entirely without a single map or record for reference, and very hurriedly 
under great pressure for time. Others of Orissa, Korth-Western Provinces, Bombay, &c., 
wUl follow.] T. O. 

To give a general description of the geological structure of the Central Provinces in any 

Divorrity of the geologieal character of the ^etaU would involve the necessity of entering upon 
country. a discussion of the geology of India at large, as 

these provinces contain representatives of almost all the formations known to occur within 
Indian limits, although frequently these are much better seen in other districts, and ought, 
therefore, more correctly to be described in connection with the locality where the most tyjjical 
sections occur. In tbe very brief notice which follows I am therefore compelled to pre- 
suppose a certain amount of acquaintance with Indian rocks, and the dassification of them. 
It is only necessary to state that the few descriptions which follow have been drawn up under 
great pressure as to time, and while actively engaged in field work of an important and 
intricate nature, and away from all maps and records. 

The Central Provinces, divided into nineteen districts, naturally group themselves into 

Oeneni eorreBpoudenc of gooiogioal and Separate areas, corresponding to well-marked physical 
plijHical areas. features. These again have in a similar way a 

general agreement with the geological structure. To the north the districts of Sugar and 
Bamoh are altogether on the Vindhyan plateau, and a large part of their surface is 
formed of the deposits to which the name Vindhyan has been given. These are, however, 
concealed over considerable areas by the overflowing volcanic rocks of the great Deccan trap 
area. Physically also these districts (as is all the Vindhyan plateau) are connected with the 
country to the north, all the drainage of the area being into the Ganges valley. Imme- 
diately to the south of the Vindhyan escarpment, along the marked depression of the 
Karbada valley, lie the four districts of Jabalpdr, Narsinghpiir, Hosliangabad, and 
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Ni mar (talcing thorn in order from east to west), which arc in groat part on alluvial and 
tertiory dopoaits, with a narrow belt of older rodSks along the southern side of the valley. 
South of the NarbadA valley rise the extensive highlands constituting the S4tpur& range, 
or its continuation, which are in great part formed of the Deccan traps resting upon 
crystalline rocks, or upon sandstone and other rocks of later date. Of this region Mandla 
occupies the extreme etistern end, bounded by the steep escarpment of ttie trappean plateau, near 
to the edge of which the Narbadd river has its source at Amarkantak. Along this same 
range to the west lie paints of Bdlaghdt, Seonf, Chhindw&ra, and Betiil. South and 
south-east of the Sdtpurd ranges lie the remaining districts. Bil&spur, R4ipdr, and 
Sambalpiir lie in the great drainage basin of the Mahanadf The two former occupy the 
low plain country of Chhattfsgarh, formed principally on rocks believed to belong to the 
Vindhyan series, with a part of their area covered by coal-bearing rocks. Sambalpur is in a 
rugged jungly country composed of crystalline and metamorphic rocks. The great drainage 
basin of the Godiivarf, on the other hand, includes N 4 gpiir, Bhand4ra, Wardha, Chdnda 
and S iron ell a. These districts have no voiy considerable elevation. The two first are prin- 
cipally on gneissose rocks, with much trap in Nagpur: Wardh4 is almost entirely on trap- 
rocks ; Chanda and Sironcha have a ver3' varied structure, including more or less of all 
th(‘ formations that have been named. 


These formations may be noticed in ascending order. The ciystalline and metamorijhic 


Ooolofplcal gniups. 
Crjstallino and metamorphic rocks. 


rocks have not as yet been described in any great 
detail. Gneiss of different varieties, often highly 
granitoid, predominates. The frequency with which 


these rocks appear shows how clo8el,y to the surface they form the substratum of the whole 


area. Tliey are found at intervals all round the irregular boundary or border of the trappean 
rocks, rising in several places nearly to the full height of the plateau. The principal areas occu- 
pied by tliem are in Ndgpdr and Bhand4ra and in Betiil. Also in Sambalpiir a very 
largo artja is formed of these rocks ; but this is naturally connected with, and belongs to the 
great Gneissic area of Bengal. In obscure relation to the gneiss there occasionally appear 


Sub-motamorphic rocks. 


sub-metamorphic rocks, schists, slates, and qiiai*tzites. 
These may be seen at many points along the borders 


of the Narbad4 valley, from the north-east of Jabalpur into Nimdr. 


The 


great Vindhyan series of strata which form so prominent and important i 


scries. 


in the geology of Hindustdn are the next deposits 
in succession of age found in the Central Provinces. 


There is, however, a wide and complete separation of these from the gneissose rocks. They 
are universally unoonformable to the latter, and they exhibit little or no mineral alteration, 


and only very locally any marked mechanical disturbance. The range or escarpment, from 
which the name of the series has been adopted, forms the northern boundary of the N ar- 
bada valley, and the districts of Sagar and Damoh are occupied by the upper member of 
the series— the Bhdnrer and JEtewd groups. Each of these groups consists of a strong band 
of sandstone resting upon shales with subordinate limestone — an arrangement which, coupled 
with the nearly horizontal position of the beds, has, through the operation of denudation, 
produced the peculiar surface features of the country, namely, local plateaus bounded by pre- 
cipitous scarps, overlooking broadly undulating valley-plains— ‘features even better seen in the 
llew4 country. The Bijer4ghogafil!di jpatyona in the north-east comer of the Jabalpur 
district lies within the geological region of the Son valley, where the Lower Vindhyan rocks 
are m well exposed: they consist of less uniform alternations of shales, sandstones, and 
banded limestones, with some peculiar compact silicious (cherty and jaspery) layers, very 
homogeneous and regularly bivldod. Along the entire southern margin of the Vindhyan 
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area these rocks both ‘ Upper and ‘ Lower* are much crushed aiul contorted, b\ii they arc 
only locally (in the south-’west) penetrated by igneous rocks, probably of the Raine period sis 
those of the groat basaltic area. The extensive plains of Bildspur and Uafpur sire formed 
on rocks veiy similar in composition, arrangement, and external relations to those of the 
Lower Vindhyan formation as seen to the north, and these extend from here along the upjMU' 
courses of the Mahanadf into very close proximity, if not actual continuity, with the 
similar deposits in the Chdndd and Sironcha districts, and beyond the limits of the 
Central Provinces to the south, extend at intervals into the Madras Presidency, where they 
cover an immense area in the Kaddapd and Karnul districts. Our knowledge of these 
detached areas is not as yet sufficient to justify an assertion that they were once continuous, 
although the striking identity in lithological character of the several deposits lends strong 
support to this view. Throughout all these widely-extended deposits there is constant 
physical evidence of their having been accumulated in comparatively shallow water, and so 
far under physical conditions hivourable to life. The sandstones are false-bedded and beauti- 
fully rippled on their surfaces, each successive bed, often for hundreds of feet in thickness, 
showing its own ripple-marked surface. Nor is there anything in their mineralised condition 
to suggest the chance of subsequent obliteration of organic remains, had they ever been 
imbedded or become fossilised. Yet no success has hitherto rewarded our most careful 
searchings for such traces of early existences. 


Passing upwards in the historical succession of rocks, wc find in India a wide gap in the 

geological record between the Vindhyan rocks, just 
Coai-bearinff rocks. alluded to and the next succeeding scries of deposits, 

in which are included the coal-bearing rocks. The whole face of the country wherever these 
occur must have been entirely remodelled by long-continued denudation and oth(jr causes 
before the commencement of the deposit of this great plant-bearing series of beds. This 
series has attracted much attention, both from its economic importance, and from the fiict 
that it is in all its groups more or less fossiliferous. And the proper sub-division of it as 
represented at distant localities has been the subject of much study. Nor has the detailed 
examination of the country yet been sufficiently extended to admit of a final decision of this 
question. 

Three great groups have, however, bfcn thoroughly established — the TdlcMr, the 

Lamuddy and the Panchet rocks, and represonta- 
Sub-diviBions. three great groups have been found 

wherever the general series occurs. It is solely as to the exact limits of each that any 
question still exists, which can only be answered after more detailed examination. This 
question is, however, of high practical importance, because of the three series which I have 
mentioned only one is proved to contain workable beds of coal. The Tdlchir rocks below 
contain no coal, and the Tcmchet rocks above are equally without any coals, the whole of the 
workable beds of coal of this geological epoch being found confined to the Damddd rocks. 


The largest area occupied by the rocks of this great series within the Central Provinces 

lies in the hilly region to the south of Hoshanga- 
sitpurtf coal-fleldB. and Narsinghpdr, partly within the bound- 

aries of these districts, but principally belonging to Chhindw 4 r&, and embracing the Pach- 
marhi or Mahadeo hills. At the base of the series we find the characteristic dej)08its of 
the Tdlchir group — greenish silt bods, breaking up into small splintery fiakes and sharp 
fragments, and hence called ‘needle shales,' and greenish brown or whitish earthy fclspathic 
sandstones, in either of which pebbles and large boulders are ofben irregularly scattered. 
Often these are very numerous and form a distinct bed, to which, from its peculiar constitu- 
tion, the name of “ Boulder’* Bed has been given. These rocks, generally speaking, arc 
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found at the edges of the field, or weathered out in the deep valleys. The thickness of this 
group is vaadahle, never very great, and it is locally altogether overlapped. In the Narbadfi 
it covers ,by far the larger portion of the area. As noticed, no coal has ever been found in 
the rocks, and very rarely any of the dark carbonaceous shales which are so frequent 

an accompaniment of coal, with the exception of a few thin and irregular streaks which 
invariably mark the transition of these TdlcMr rocks into the RomMLd (Bwrdkar) rooks 
above. This Damudd series is chiefly made up of thick-bedded, ofben coarse felspathic 
sandstones, with subordinate beds of blue and carbonaceous shales and coa7. In Bengal 
and towards the east this series is of great thickness, and is easily divisible into several 
distinct groups. But towards the west and the Central Provinces the series is of much 
diminished thickness, and the sub-divisions so well marked in Bengal are not recognisable. 
The bods of coal in the same way are much fewer and less important. These variations 
appear to have only a local development when viewed in detail, while on a general compari- 
son the facts would seem to bo expressed by saying that the Ptmehet series, which imme- 
diately succeeds the coal rocks, assumes towards the west a much greater thickness and 
importance than in the east, while the Pamddd series has been much less developed. In 
the Narbadfi valley the latter series is represented by one group of beds only, which belong 
to the lowermost group recognised in Bengal (the Bardhar), of no great thickness, and 
covered by an immense series of sandstones of varying* age. No trace of any one of tho 

sub-divisions of this great plant-bearing series — 
Western Umlt. TdlcMr^ Damdddy or Panchets — has been found to 

the west of about the parallel of HoBhangdb4d (Lokhartalai). The DawAdd rocks 
cover a wide spread of country round the bases of the noble Pachmarhi hills, and extend 
thence to Umrdth and Barkof, about sixteen miles from Chhindw&r4.' They rest in 
parts immediately on the gneissose rocks, and are frequently succeeded directly by the great 
trappean flows. 

In Bil^epfir (Chattisgarh) a large area of widely undulating country along the 

Hasdu — an affluent of the Mahanadi— is also 
Biltf spUr ooal-fleldB. formed of these rocks, and coal has long been known 

to exist there in some quantity. The district has not been examined as yet, and no trust- 
worthy information exists as to the quantity or|guality of this coal.* 

In the Chdnda district again, and in Ber4r adjoining, similar BardJear rocks arc 

found resting upon the characteristic Tdlchir beds, 
Wardhd Biver coal-fields. ocbupying a very small area in the large fieldj of 

sandstones which there occur. At least one thick group of beds with coal is known in which 
the coal itself exhibits the same characters which distinguish the beds in the Bardkar series 
elsewhere— that is, there is rapid and considerable variation in the thickness and quantity of 
the coal. Beds of great thickness have, however, been met with, and there is a very large 
supply therefore of useful fuel. 

Similar rocks extend down the vall^ of the Goddvari and the Pranhit& for a long 

^ , , _ , , , distance, occurring in detached localities separated 

Qoddvari and Pranhitd. . .j ^ u r i.- -vt i.i. 

by Wide ndges of the older formations. Near the 

mouth of the T41 river about fourteen miles above Ddmagtidem, both Tdlchir and 

Tkmddd rooks occur, the latter oontiuning coal, which form the bed of the river Goddvarf 

for aome distance, and have probahl|)««a considerable extension; and coal is also known to 

occur a^|it,thii^*four miles south of the same town, visible on the hanks of tho 


Qoddvari and Pranhitd. 


>• fisetatw i&fbnnaUon in Becords Geological Surv^ of India, 1870, p. 71, alao p. 54. 
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We are not as yet able to speak so certainly of the limits and relations of the beds which 
occur immediately above these coal-bearing rocks^ so far at least as parts of the country under 
notice are concerned. In the Narbadd valley coarse conglomeratic sandstones with ferrugi- 
nous bands, which are beUeved to be the representatives of the Panchet rocks of Bengal, 
come in immediate succession on the Bardkar beds (Mohpdnf, &c.). And similar rocks 
occur in the same relation in the wide flats of Chhattlsgarh, and probably at the inter- 
mediate locality of the Chhindwdra fields. 


But passing into the drainage basin of the Godavari, a series of rocks of peculiar 
Xdmihi b lithological character and locally abounding in fossil 

plants, is met with, no exact representatives of which 
are as yet known elsewhere. In their general mineral aspects they come very near to the 
ordinary Panchet rocks of Bengal, and they appear to pass upwards into undoubted 
representatives of these, but the prevailing form of fern of which they contain the fossilised 
fronds, is one f Ghssopteris hrotoniana) which is scarcely known to extend up to the 'Panchet 
horizon. These beds would therefore seem to indicate either a commencement in the basin 
of the Godavari of the deposition of rocks having the peculiar mineral character of the 
Panchet beds at a much earlier period than in Bengal into which these ferns continued to 
exist: or the flora of the Godavari basin had not been subjected to the same influencing 
causes, resulting in a marked change in its character, which in Bengal led to the well- 
defined separation as to fossils of the Panchet and upper groups of the Damudd rocks 
(Baniganj), I am disposed to think tha^ viewed in a very general way, it gives the truer 
representation of the facts to consider these local rocks, notwithstanding their contained plants, 
as belonging rather to the Panchet series than to the Darnddd. And there is one veiy im- 
portant practical reason for this also, inasmuch as no workable coal has yet been found in 
either of these groups, while it has invariably been seen to occur where rocks of the un- 
doubted Damudd age are developed. 


A local name was provisionally given to these rocks by Mr. W. Blanford, who first 
examined them, and as this has been published (although unintentionally), it may be retain- 
ed as a useful sub-division. One of the largest areas of these rocks in the N4gpdr 
country is close to the important military ftation of Kdmthi, and from this circumstance 
Mr. Blanford spoke of them as the Kdmthi beds. They consist, lithologically, of hard 
compact gritty sandstones, fine variegated sandstones, coarse loose-textured sandstone, very 
fine-grained deep and bright red and buflT argillaceous or orgillaceo-silicious sandstones, and 
bands of hard very ferruginous pebbly grits. 

These rocks cover an area of about twenty-five miles long from north-west to south- 
east near K4mthi (K&mthi to Kdlod), and at the broadest parts (near P&tansdongf) 
about eight miles wide. Over a large portion of this area the rocks are concealed by thick 
alluvial deposits, but they are well seen at K&mthf, Silew&r4, Bhok&rd, and south and 
south-east of P&tans&ongi, &c. A small area of the much older TdXchir rocks is seen north- 
east of Bhok&r&, and a small hill north-east of Patansdongi. Two other localities where 
these rocks are seen have been exposed within the area of the trap-rocks, these having been 
removed by denudation. One— the larger of the two— is close to Behd r and Bdzdrg^on, 
about fifteen miles from Ndgpdr on the road to Amrdoti. The rocks here are of the 
same type, but become more conglomeratic towards the top than is seen near Ndgpdr. The 
other inlier of these rocks is about thirty-six miles north-west of Ndgptir, near the vill^e 
of Chorkherf. The rooks extend over an area of only about six and a half square miles 
in all. There is also another very small patch not a mile long near Khfitkherf, about one 
mile south-east of the other. 
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FaBsing further southward sirniiar rocks are more widely developed in the Ohdndd 
district, and cover a large area, concealing the underlying Bardhar beds ; there tbe rocks 
are, as a whole, less fine-grained than in the neighbourhood of Ndgpdr, and the tendency to 
become more conglomeratic in the upper beds of the group is still more markedly exhibited 
than in the case already noti<)ed. In this field also they appear to be closely connected with, 
and to iMuis up into a groat thickness of bright red clays with fhin-bedded sandstones, which 
belong undoubtedly to the series — well seen in the Wardhd about Porsd and in 

the country round, giving additional evidence of the connection of the two groups. These 
|.ock8 — ^Ihe K&mthi beds — yield in many of their beds admirable building stones, while others 
of a coarser texture are used as millstones or querns. Quarries exist at K&mthf, Silewfird, 
Bhokdrd, &c., also in the Chin da district, but owing to the comparative poverty and sparse- 
ncss of the population, they are here less worked than in the Ndgpiir country. The whihi 
iirgillacoous hand which is used near Chfindfi town, and which can be traced for miles along 
the country, is very even in texture, and can be carved into very minute forms of ornaments 
(a kind of work which is very skilfully done at Chdndfi), but it is rather soft. The beds, 
excepting the hard ferruginous pebbly grits, are not, generally speaking, very compact, and the 
surface of the ground becomes covered with loose sand resulting from their disintegration. 
The soil on these, except where they are covered by the alluvial deposits, is poor and little 
cultivated, almost the whole of this tract being covered with jungle. , 

The fossils found in these Kdmthi beds have been noticed above. The fine sandstones 
of Kdmthf, Silowdra, &o,, have yielded very beautiful and numerous specimens of the largo 
Ologsopteris Brotmiiana — a fossil-fern common in the coal-bearing rocks of Bengal and 
also in those of Australia. Similar fronds are found, but more rarely, in the finer beds of the 
vicinity of Ohdndd. 

We have noticed these so-caJlcd Kdmthi beds a little more in detail than their relative 
importance in a general sketch would justify, because of their local development, and of the 
interesting fossils which tliey contain. 

In ascending order the next important series of rocks is that to which the name of 
„ . Banchet has been given. This, which is a very 

extensive tormation in Bengal and in the country 
intervening between that and Jab alp tir, is not so largely developed in the Central Pro- 
vinces. Indeed there is still much doubt as to the true limits and true parallel of many of 
the rocks which would probably at first be classed under this group. There is another 
peculiar feature : in the Bengal coal-fields, the so-called Xoteer PancAei^ group, consisting 
principally of red clays, with fine-grained, thin-bedded, often calcareous sandstones, both of 
red and greenish white colours, forms a sot of bods of very considerable thickness and 
wide extent. But on passing to the west this group rapidly disappears and soon seems to be 
entirely wanting, while the Upper Panchet group, consisting chiefly of coarse rod con- 
glomerates, &c., with numerous ferruginous bands, becomes more largely developed, and 
constitutes almost the whole of the series. Still further to the west, however, as in the 
Chhindw^rd fields near IT mr 6th, these red-clays and thin-bedded fine-grained sandstones 
rocuT with a considerable development. And similar beds cover a large area on the south of 
the Cb&ndd coal-field (Porsfi and all i^e country around), and also appear in other minor 
patches throughout the Chfind& field and fa Ber&r. These pass upwards into coarser beds, 
pebbly 6nd conglomeratic, and it is noUm easy task to make out the exact relation of these 
to^ the ^ks in a country W very much covered as is the greater part of the 

CfhindS^^diStM. Similar rocks are seen again further south (Maledi), and here, as at 
of OhdndA havb yielded organic remains,, which establish with 
tdlerable accuracy their true position in the general European scale of geological formations. 



PART 3.] 


Oldham : Geology of the Cenital 'Ptomneee. 


76 


Several forms of IMyrinihodont reptiles the Lower Panchet rocks of Bengal 
remains of the very remarkable genns LkyUkodon, previously only known from South Africa, 
and abundance of JSstheriai (small bivalved crustaceans) mark the fauna of the time in 
Eastern India. In the Central Provinces similar JS^theria and a remarkable reptile 
(Brachyops latieeps) have been obtained ih>m Mangli thirj^ miles north of Chdnd&, 
while the red clays of Maledi afibrd numerous remains of the very curious and interesting 
Hyperodapedon, Belodon^ and some Lahyrinthodont fragments also. There is a high proba- 
bility that the rocks at these different localities are all truly on or about the same geological 
horizon (a fact which can only be satisfactorily established by detailed and carefhl 
observation), and that that horizon represents in Indian geological homotaxis the period of 
the Trias of Europe. 

In the vicinity of Jabalpdrand stretching down the valley of the Narbadd to the 
nk Sher river, and a little beyond, and forming also 

" * a narrow outcrop fringing the general line of the 

trappean boundary to the east and north of J abalpdr, a distinct group of rocks was recog- 
nised by Mr. J. G. Medlicott in 1856-67. This limited group of beds is partially coal-bearing , 
and from this fact and from certain other obscure relations, it was at first designated under 
the inappropriate name of Upper Damdddy with which series it was, pending 
further inquiry, supposed to be connected, whOe the fossil plants which it imbedded were 
closely allied to those occurring in the Jurassic beds of Bajmahdl and Cutch. Subsequent 
inquiry showed that there was really no ground for supposing any connection of these beds 
with the true Damddd as parts of one formation, and the name Jabalpdr group was 
substituted for Upper Damddd, 

At about 100 miles to the north-east of the Narbada coal basin the boundary of 
the plateau of trap-rocks recedes south-eastwards, and the narrow outcrop of those Jahalpvr 
beds expands here into the open ground of South He w&; there the Jabalpur shales and 
, silt beds were found passing upwards into massive sandstones (at Baudogarh) so generally 
identical with the rocks of the great Mahadeo hills, that they were at once accepted as 
their representatives ; while below the Jabalpur shales overlaid strong pebbly sandstones 
and conglomerates, which again in the southern part of the same area rested upon a coal* 
bearing group, recognisable at once by its contained fossils and general character as repre- 
sentatives of the Damddd series. The Jabalpdr beds have not as yet been traced with any 
care in other districts, and 1 am unable to state their true limits. Their contained fossils 
point distinctly to a Jurassic age and to the lower part of that great period. In the 
N a r b a d 4 nothing but plant-remains have been found. We may, however, although the 
connection has not been traced, point to the remarkable beds near E o t a — about five miles 
from S i r 0 n c h k — which have yielded several well-marked fish-remains (Lepidotus Deccan^ 
ensis, ^chmodus, ^c.) considered as Liassic in their relations, as a probable representative to 
the south of the Jabodpur beds to the north. There are also some detached patches of rock 
which occur in the intermediate countiy which may be representatives of the same general 
age. The coal found in these Jabalpur beds is very irregularly developed (Sher river; 
Lamet4-gh&t). It is jetty, and has much of the character of a true lignite ; indeed in 
many specimens the structure of the now-carbonised stems, of which a large portion of it is 
made, is well preserved. It has been economised recently to a considerable extent by the 
contractors on the Great Indian Peninsula Bailway. But neither in amount nor in quality 
does it constitute a source of fossil fuel, of any importance in a general view. I mentioned 
above, that immediately resting on the Jabalpur beds, where the succession is best seen 
(South MewdJ, came the massive sandstones of Bandogarh, which were accepted as repre- 
sentatives of the great Mahddeo group, so well seen in the upper and magnificent scarps of 
the Pachmarhi hills (Central Provinces). 
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This Mah&deo group was hrst established after a brief examination of those hills in 

1856-57, and was shown to oontadn a vast thiokness of 
Mcaiadso beds. , i . , i 

massive sandstones, with many ferruginous bands 

which ap^pea/red to be entirely unconformable on the DamMd beds forming the lower ground 

adjoining. ITuforiunately tl^ same name was applied to rocks in other places which showed 

an approximation to the same general character, and which appeared to stand in the same 

general relation of an entirely unconformable series above the JDamudd rocks. It was from 

tile first indicated that these Mahddeo rocks would require further examination. The 

progress of geological investigation in India has since shown the necessity also of greater 

gub-divisioii tlian was at first apparent. These Mahddeo rocks, with the exception of a few 

badly-preserved and generally large stems, are, so far as known, unfossiliferous, and have 

therefore not attracted quite as much attention as some of the other series I have noticed. 

This absence of fossils also, and the detached, or comparatively detached, positions in 

which the Mahddeo nxjks occur, have rendered tlie question of their geological ago more 

difllcult than it would have otherwise been.* Mr. W. Blanford, caiTying up his examination 

of the country from the west, gave some good reasons for supposing that the Mahddeo 

beds were the continuation and expansion of the cretaceous sandstones found near Bagli 

in the western Karbada. A similar general conclusion had been suggested by Mr. llislop 

previously, hut without much proof. On the other hand, it is rigl^ to state that Mr. 

Medlicott, working up from the cast, saw rcasfin for supposing that the Mahddeo beds in the 

Narbada districts, which he presumed to be truly representative of the Ban do garb rocks 

in South Row a (and as a subordinate member of which he considered the Jabalpur beds), 

were at the same time only an upward extension of the same uninterrupted succession of 

deposits, which clsewhei’e had been justly believed to belong to the Panchet series. 

It will be seen from this that the true position of these beds has not as yet been fixed. 
Wlion first examined it was by me supposed that they, including the Lametd group (to which 
wo shall presently refer), represented the lowest portion of the tertiary period. The Rev. 
Mr. Hislop, whose untiring exeitions have done so much to elucidate the palsecmtological 
history of the Central Provinces, was disposed to view them as below all the tertiary dejiosiis, 
and as representing in India the upper portion of the cretaceous epoch of Europe— a view 
strongly eoufinued by Mr. Blanford, who was disposed to put them only a little lower in the 
series, while Mr. Medlicott would now make them much more ancient, and would place them 
in the same suh-division as the Jabalpur beds, which latter are probably on the horizon of 
the Kota beds — that is, he would consider them Lower Jurassic,'^ As stated, the question 
cannot at present (January 1870) he definitely settled. 

When first examining the Narbadi valley Mr. J. G. Medlicott distinguished in the 

country fringing the river to the south, and between 
Zametd bods. Mahddeo hills and Jabalptir, a series of well- 

marked beds, which he was then disposed to consider as the uppermost group of the 
Mahddeo formation, and to which he applied the local name of Lametfi. These Lametd 
beds consisted chiefiy of whitish earthy and silicious (cherty) limestones or calcareous muds, 
often a good deal indurated. These sandy calcareous beds farmed only a thin band im- 
mediately underlying the trappean rocks. Further and subsequent examination, extending 
more to the east, proved that this band was entirely independent of the rooks below it, with 


* The sttttenumt originally made that a vory perfeet Biracimen of a trao AteKegowmrvs found nnher tho P a ch- 
in srhljMlls bad been obtained from thwo rooks, wfts at once refuted b;jr the mineral charaoter of the rook iu ivhicb 
itwaa Imbedded. It was iVpm the DaeiW bods below. 

t Tho^ltdjmahdi group of Bengal would In this \iew be of course younger than tho Mahdddvd of tho 
OiditnaPmTincen. 
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which it was associated, inasmuch as, following the trappean boundary to the soulli-castwards, 
the Lameth group was found to accompany the trap-rock steadily and to rest indiscriminately 
upon all rocks, from the gneiss up. It was therefore clear that it must be viewed as entirely 
separate from the great Mahadeo series, and as intimately connected with the overlying 
trappean rocks. As noticed abo^e, these Lameta beds consist phiefly of cherty and gritty 
limestones, with subordinate beds of a nodular limestone, loose greenish sandstone, and 
purplish or greenish argillaceous beds either sandy or marly. They have been traced 
considerably south of N4gpur, and thence at intervals round by the trappean boundary to 
Jabalpur, and down the Narbada vaUey to near Hoshang&bad. If Mr. Blanford’s 
views be supported by further examination, the limit must be carried very considerably 
to the west to the Pun^s^ and the Dhar forest. In all cases, too, the trap-rocks, whore any 
section is seen, appear to rest quite conformably or continuously on these Lameta beds, 
and beds which cannot be distinguished from them mineralogically are frequently met with 
interstratified with the traps (as near Nagpur and between Nagpdr and Jabalpur). 


Intertrappean serieB. 


These remarkable sedimentaiy beds intercalated with the traps of the Deccan and Mai wa 

areas have received much attention. They con- 
stitute the Intertrappean series of Hislop, and are 
interesting from their fossil contents, as well as their mineral character and peculiar stra- 
tigraphical position. It would be out of place here to enter into any discussion of the 
various explanations which have been given of these. It must suflice to say that both 
in their lithological character [calcareous muds] ; in their distribution [local and irregular 
lenticular masses, not extending laterally to any gi*cat distance] ; in the fossils conbiinod 
[fresh'Water and lacustrine shells, fragments of plants, &c.J, and in their occurrence in- 
variably between the successive flows of trapi>ean rock, the upper surface in all cases being 
the only one really indurated or altered by the contact of the igneous, heated mass, they 
indubitably point to their origin in the small and irregular deposits in lakes or pools of 
varying size, tranquilly thrown down during the intervals of the successive flows of the 
lava, which now forms the great covering of this immense volcanic region. And I believe 
that the true explanation of the Lameta beds of which I have just been speaking, is that 
they were deposited in a similar way in more widely-extended lacustrine areas, previously 
to the commencement of the great outbreaks of lava. It need not detain us here to in- 
dicate the apparently long interval of time which elapsed during the outflowing of these 
successive lava streams, nor to point out how entirely different in ago the intertrappean 
beds of the upper part of the series (Bombay, &c.,) may be from those which accompany 
the lower and older flows. None of these very much newer beds occur within the limits 
of the Central Provinces. 


The geological epoch of these intertrappean beds seems to be tolerably well established 
as belonging to the Eocene period of European geologists ; it being just possible that the 
lower beds of the Lameta group may represent a part of the upper cretaceous time. The 
evidence against this supposition of Mr. W. Blanford seems, however, decidedly stronger 
than that in its favour. 


The wondrous features of the great trappean countiy of the Deccan which extend over 

so large a portion of the surface of the Central Pro- 
Deccan trap features. . « i j >1. j i . 

Vinces, have been well described by many observers. 

IHie immense area covered continuously by these volcanic rocks ; the enormous accumula- 
tion of horizontal, or nearly horizontal, layers of basaltic rocks ; the distinct separation into 
beds, or stratification ; the peculiar physical features, — massive flat-topped hills with sharp 
precipitous scarps ; the abundance of beautiful zeolites and other minerals, and the occur- 
rence of those curious intercalated beds, containing fresh-water fossils, which I have just 



78 


Secords of ike Geological Survey of India. 


[VOL. IV. 


could ccAl'Ccly escape the notice of any observer* 1 have already biiefly alluded to 
the general dis^^buticHi of these rocks, so far as the Central Provinces are concerned, and 
sh^ not thetefpra delay further than to refer to the labours of Maloolmson, Newbold, Grant, 
Carter, Qislop, Medlicott, Blanford, &c., for more detailed discussions of this extraordinary 
series, which extends, or has extended, certainly over an area of 10 degrees of latitude by 
16. to 10 of longitude. " The area covered by them in the Peninsula of India can be little 
** less than two hundred thousand square miles.*’ Their limited extent within the bound- 
aries of the Central Provinces is therefbre but a veiy small fraction of their entire area. 

Of deposits later than the trappean rocks there is a great variety and an inunense area. 

These would include all the soils of the present snr- 
Post-trappesn deposits. face with their numerous modifications and varying 

agricultural value. 

laterite occurs in detached areas in Sugar and adjoining districts ; it covers a consi- 
derable space in the north-east of Jabalpur district, and is fpund at intervals passing to 
the south in Cb&nd4, where it covers extensive areas in the eastern and north-eastern 
portions. It presents all the usual characters of this deposit, but nowhere within the Central 
Provinces attains that great thickness and massiveness which admit of its being freely used 
for building purposes. 


The older gravels and clays of some of the river valleys would appear to he next in 

succession. These have been the object of more 
Tertiftiy conglomerates. careful study, on account of the numerous remains of 

large animals, as well as ordinary shells, of which some of the beds contain locally in large 
number. The largest continuous area of these ossiferous gravels and clays is found in the 
Narbadd valley, along which they extend in unbroken continuity for more than a hundred 
miles from the falls of the * marble rocks* near J ahalpfir to below Hoshangah&d. They 
also occur in the banks of the river both above and below these limits. Yery similar depo- 
sits are found forming the hanks and often the beds of the upper feeders of the Goddvart — 
the Wardh&, Faingaugd, &c. — and in the Godavari itself ; and here also they locally 
contain a large number of hones, snh-fossilised, the remains of animals which existed at 
the period of their deposition. The valleys of these streams are, however, by no means so 
well defined as that of the Narbada, and the limits of the ossiferous gravels and clays ore 
not easily fixed. The gravels are for the most part cemented into a conglomerate of toler- 
able hardness by the infiltration of carbonate of lime, and these beds might not unfrequently 
he mistaken for conglomerates of greatly older date on a cursory examination. There is, 
however, one fact which enables them to be readily distinguished, and that is the abundant 
presence in them of rolled pieces of the trappean rocks— of numerous agates, pieces of 
bloodstone, &c., which at once prove them to have been post-trappean in their origin. The 
immense variety and abundance of these pebbles also abundantly indicate the vast denuda* 
tion to which the trappean rooks have been subjected since their outflowing and deposition. 


In general character these deposits in their lower portions consist of gravels and sands, 
OasiferoQi gnvftlfl firequently, as mentioned, cemented together much 

in the same way as a concrete is, and sometimes so 
hard 06 to he quarried for building. Towards the base the clays become sandy and pebbly. 
Sandy beds occur even in the clays, at^Jpegular deposition and oblique lamination (firise- 
hedding) fir^uent — indeed so fr^dent as to he almo|d; the normal condition. It is not 

es^y to jirid^ot any^^ pf these deposits. Actual sections 

of tium feet in thickness ore occasionally with, hut twenty to thirty feet are 
tlw ordinaiy limits. The greater portion of the deposits is general^ day, the coarser 
hidii bds^ chjefiy, confined to the portion near the base. , Fossil hones are not generally 
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abandant, but locidly ooneideirable nmabers hwvo been met with* Sheik are not nnoommon, 
and they appear to be all of Bpeoies now existing in the rivers. These beds are obviously of 
fi-esh-water origin, and were in all probability the flttvio-laeustrine deposits of the rivers 
themselves, at a tune when the levek and areas of their valleys were very different from those 
now existing. 

It is not intended to give here a complete list of the organic remains found, which would 
belong rather to a detailed description. But the very remarkable admixture of existing 
and extinct fohns which these deposits exhibit must be noticed ; for along wifdi well-pre- 
served remainB of Hippopotamus^ Hkinoceros, Mastodon^ peculiar forms of MUpias^ and 
very remarkable Bovines (which, if not identical with European forms, approximate so closely 
that nothing but the most minute distinctions can be made, while they are entirely distinct 
from any present Indian forms), are found equally well preserved remains of animals still 
existing in the country. The not uncommon tortoise’**' (Emps \_Pang8hura'\ tecta) is found 
quite as fossilised in these beds as any of the other remains, and yet the species still lives in 
the valley itself. The imbedded sheik, too, are all of species still living, and the evidence 
is conclusive that the change from the condition under which Hippopotami wallowed in 
the muds, and Rhinoceros roamed in the swampy forests of the country, where Mastodons 
abounded, and where the strange forms of the Swatherium, IHnotherivm^ Camelopardalis 
existed, has been one of continuous and gradual alteration, unmarked by any great breaks 
or vast changes in climate. In the general series of successive epochs into which the geo- 
logical periods distinguished in Europe have been classified, these ossiferous gravek and clays 
would seem to mark the upper portion of the Miocene and the Pliocene ; while, with 
unbroken succession, and with nothing more than local change or break, these Pliocene bods 
pass upwards into the deposits now being formed. We thus find that numerous forms 
of animals, which are now contemporaries of man, existed at this very early period cotem- 
poraiy with numerous forms of the larger animak now utterly extinct in this country. 
Was not man also cotemporary with these now extinct animak P As I have now endea- 
voured to show briefly, there is no physical break in the long series that would account for 
the destruction of these species ; there is not a shadow of proof that the country was not 
then, as now, fitted for the abode of man. And although no human remains have yet been 
found, there k not a single fact which would lead to the conviction that man could not 
have existed and lived under the conditions which then prevailed. In thk point of view, 
the discovery— although not in the Central Provinces— of a well-formed agate knife,t which 
had obviously beeu in use, and winch was undoubtedly shaped and made with an intelligent 
purpose, in gravek of the same age as these ossiferous gravek of which we have been speak- 
ing and ako containing remains of krge animak, becomes one of the highest interest, as 
giving some amount of positive proof of the existence of man at thk early period (Pliooene), 

Of a kter date, and scattered through the upper soils of laige areas, flint (or rather 
Stone ixnplements. agate) knives, agate cores, from which these knives 

have been chipped off, and numerous forms of 
artifirielly-shaped agate implements, have been met with in the Narbadd andNdgpdr 
country. And of a later date still, and invariably in the surface-soik, or taken out of these 
soik and brought together under trees, or at the rude shrines of the forest races, a krge 
number of well-shaped sjA polished celts, axes, and other shaped stone impkments have been 
found in the Central Provinces. The most remarkable, fact perhaps connected with these 
impkments k the identity of form and of design which they exhibit when compared with 
those found abundantly in Northern Europe— w identify omnmon to both forms of these 
stone antiquities, the rudely-chipped and almost undressed, or, as have been called, the 
Palseolithic, and ihe more finished and polished, or Neolitblo, types. 


* Seo Beoords Geological Snirey of India, 1809, p. 86. ' 


t JMd, 1808, p. 66. 
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The Central Provinces present many localities peculiarly likely to throw light, if carefully 
studied, bn this intensely interesting question — the antiquity of man. But such inquiries 
can only be satisfactorily carried out by those who are long resident in the immediate 
vicinity, and can therefore watch the constant changes which occur, and take immediate 
advantage of any opportunity which may present itself. ' 


Beneath the recent conglomerates and ossiferous gravels of a large portion of western 

Chandaisa well-marked deposit of brownish-yeUow 
Sallno w ttwSH and clayfl. i . . m. • • 

sand or clayey sandstone. This is seen over many 

miles of the country wherever the streams cut through the upper beds to any depth. It is 
not at all improbable that it may prove to be of different geological age, and quite distinct 
from the beds resting on it. No good sections have yet been seen. It is specially noticed here 
inasmuch as it contains a certain amount of salt, which is thrown out as an efflorescence 
whore this loose sandstone is exposed to the weather, and produces miry places always wet 
and soft, and often difficult to cross. In connection with this deposit we may recall the 
occun'enco of beds very low down in the alluvium, or below it, all containing a considerable 
quantity of common salt, in the Bcr^r alluvial plain not far to the west of Chanda. Into 
this salt-bearing stratum wells arc sunk for the extraction of brine, from which much salt is 
obtained. I am not aware of any brine- wells in the Chdnda district, but this deposit 
contains a considerable amount of common salt, although much mixed with impurities, chiclly 
sulphate of magnesia (Epsom salts).* It is not impossible that the presence of common 
salt in sensible quantities may indicate that the clays containing it have had a marine origin, 
and are thus quite distinct from the beds which rest upon them. 


To treat of the more mcent alluvial deposits of the country would involve rather more 

of agricultural than geological questions, and I would 
leave such to others more competent to enter upon 
them. 


Surface soils. 


TJie black soil or. regar^ or as it is not uncommonly called the ‘ cotton soil,* forms one of 

fhe most marked varieties in these provinces. It is 
the common soil of the Deccan, Mulw a, Narbada 
valley, &c. It varies greatly in colour, in consistence, and, with these, in fertility, but 
throughout is marked by the constant character of being a highly argillaceous, somewhat 
calcareous clay, being very adhesive when wetted, and from its very absorbent nature ex- 
panding and contracting to a very remarkable extent, under the successive influence of 
moisture and dryness. It therefore ^becomes fissured in every direction by huge cracks in 
the hot weather. It also retains a good deal of moisture, and requires therefore less irri- 
gation than more sandy ground. The colour of this soil, often a deep and well-marked 
black, with every variation from this to a brownish-black, would appear to bo solely due to 
an admixioi'e of vegetable (organic) ^matter in a soil originally very clayey. Thus deposits 
of precisely the same character as this regar are being formed now at the bottom of every 
jliU in the country, and throughout the very area where the regar is best marked, it is not 
by any means an uncommon thing to find the slopes of the small hills or undulations formed 


* Two spedmenB of salt roughly prepared from this pandy clay by Uxiviatioii and evaporation were assayed at 
the Oeologtosl 8iirv<^ Office, and yielded— ’ 

€li1ojridei)f sodinm ... - . ... ... ... ... 82*89 87*08 

Sulphate of magnesia ... ... ... • ... ... 16*02 11*86 

Ciay and oi^anlc matter ... ... ... ... reO 1*40 

The first of these was obtained from what U called the white chopan soil ; the second was from the dork 
sol). 
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of more sandy reddish soil, while the hollows below consist solely of the finest regar, Tliis 
appears to be due to the more argillaceous and finer portions of the decomposed rooks below 
being washed away by ordinary pluvial action from the slopes and accumulated in the 
hollows, where this finer mud forms a soil much more retentive of moisture, and which 
therefore rapidly becomes more impregnated with organic matter, and is often marshy. 
Begar can thus be formed wherever a truly argillaceous soil is formed : and its general, 
but by no means universal, absence over the metamorphic and other rocks is easily accounted 
for by the fact that these rocks for the most part yield sandy, not clayey soils. It is never 
of any very great depth, and, excepting when re-arranged by rivers in their recent deposits, 
it is therefore never met with at any great distance below the surface. 

Obviously formed from the re-arranged wash of the older and more widely-cxtended 
soils we find ^large areas of very fertile soil, consisting of clays rather more sandy than tho 
older alluvium, and not therefore so black or adhesive. Though rarely formed altogether 
of tho true regar soil, it frequently contains a large proportion of this, mixed with other 
clays and sands. Every intermediate form of soil occurs, and it would by no means be an 
easy task to distinguish them all. In an agricultural point of view, it is interesting to see 
how exactly tho limits of certain kinds of cultivation coincide with the limits of these 
marked varieties of the alluvial deposits of the country— facts which tho local officers will 
doubtless be able to illustrate more fully than 1 can. 

The preceding sketch has necessarily been of the briefest and most general character. 
Those who desire to study the geology of the Central Provinces in gi*eater detail may refer 
to the many papers more or less immediately bearing on this country — of Malcolmson, 
(Transactipns, Gcol. Soc., Loud.); llislop (Journal of Asiatic Society, Bengal; Journal of 
Bombay Branch Royal Asiatic Society *, Quarterly Journal Geological Society, London) ; 
Medlicott, Oldham, Blanford, Theobald, (Mem. Geological Survey of India ; Records Geolo- 
gical Survey of India), in which full details will be found so far as the country has yet been 
examined carefully. 

I shall also leave the discussion of the economic value of the several rocks to the detailed 
statements of the local officers, who have infinitely better opportunity of knowing how and 
to what extent such materials are economised within their own districts. I have solely 
attempted to give as brieily as possible a general connected outline of tho successive formations 
known to occur within the limits of the Central Provinces, trusting that this outlino may be 
filled in with greater detail by future researches. 


AT. The following papers bearing on the Geology of the Central Provinces have been 
published since the foregoing was written 

The coal-field near Chdndd, Central Provinces.— Records, Geol. Surv., India, 1809, p. 94. 

Lead in Rdipilr district. Central Provinces. — Ibid, p. 101. 

On the lead vein near Chicholi, Raipur district. — Ibid, 1870, p. 44. 

The Wardha river Coal-fields, Berar and Central Provinces.— p, 45. 

Coal at Rorba in Bilaspur district. — Ibid, p. 54. 

Mohpani Coal-field. — Ibid, p. 63. 

Lead ere at Slimanabad, Jabalpur district.— p. 70. 

Coal east of ChhatHsgarh in country between Bilospfijr and Banchi.— p. 71. 

Tho plant-bearing sandstones of the Goddvari valley ; on the southeni extension of rocks 
belonging to thp Kimthi group to the neighbourhood of EUore and Rajdmandri, and on 
possible occurrence *bf coal in some direction.*^ 1871> p. 49. 
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A^l>lTIOirA!Ii N<m OK THB PLAKiMIBiJtIKa SiKDBTOKBB OF THB GODi^TABf ValLST, 
Ig W* T. BlakfoKDi F. G. S., Beputg SupermCendeni, Qeohgkal 8urfwg qf India. 

ffinto tnniiiig the paper in this volume of the ** Records, " p. 49, 1 have found that 
the obourrenoe of sandstone near Rllore was mentioned by Voysey, Jour. As. Soc., Bengal, 
Yol. 11, 1888, p. 400. Both Voysey and Walker refer in several places to the occurrence 
of san&tone in the valley of the Goddvari below 8ironch4, so that Wall was not the first to 
make it known, although he appears to have been the first who explored its extent on the 
river banks. In explanation of my mistake, 1 should mention that my paper was written 
when I was encamped on the God4vaxl without a single book of reference available. 

I have also ascertained that the sandstone which extends to the neighbourhood of Ellore 
is connected with the huge tract to the north-west by a narrow strip about six miles broad 
to the west of Faltincha, thus confirming Yoysey’s statement on the authority of a 
Mr. Ralph (Jour. As. Soc., Bengal., Yol. !EIX, p. 290). The sandstones, therefore, extend, 
apparently without a break, from MangU and Phizdura, 60 miles south of N&gptir, to within 
a few miles of Ellore, or nearly 300 miles in a direct line. 

The boundaries of this enormous tract are in many parts most imperfectly known : by 
far the greater portion of the area consists of rock in which no trace of coai has hitherto been 
detected, and in which the occurrence of the mineral is highly improbable. It is along the 
edges that there is the best chance of valuable discoveries being made. 

Since writing the paper above alluded to, t have visited Alipali, a village about thirty 
miles west of Dumagddem on the Kinarswfimi stream, at which I had been informed by one 
of the ofilcers of the Nizam’s Govemmeni« the Naib of Naganienpol, that some coal had been 
discovered. Mr. Yanbtavem, Executive Engineer of Dumagddem, had, at my request, sent 
some specimens of the coal found at Lingfild to the Naib for distribution amongst the minor 
ofilcials, and for enquiiy as to the occurrence of a similar mineral throughout the great 
sandstone country on the right .bank of the Gtoddvaii. This resulted in a report of the 
occurrence of coal near Aldpali, but on visiting the spot, I found that all which had been 
found consisted of fragments brought down by the stream. I had not time to trace these to 
their source, and this was, the less necessary, as I found that an officer of the Nizam’s Govern- 
ment had been sent from Warangal in order to do so. 1 have since been informed by the 
Tehsilddr of Kamarmet that the spot has been found. It is some distance to the east of 
Palkhal on the confines of the Kamarmet and Warangal Sircars. This discovery will not 
he of much value at present if any permanent supply can be found on the Godfivari below 
the second harrier, hut should no snob supply exist, . the locality near Palkhal will be well 
worthy of attention. The fragments of coal found in the Kinarswami arc shaly and of 
inferior quality, but where this exists better coal may, of course, be found. 


DONATIONS TO THE MUSEUM. 

> 

MaIiLBT, P. R., Esq. — Two crystals of SSrcon and one of Sapphire from Ceylon. 

„ 99 99 Specimen rock of which Pompey’s pillar is constructed. 

Tubkb^ T. H#, E9Q.-^A tazsa carved, in coarse serpentine. 

Bjci'Ka, ancient copper instruments found in a bmnboo bush near Kurhurhari. 

Mxfsnvu on Fai9M0HToxMr, MilniOH.— A coUecthm of casts of Solenhofcn Vertobrata. 

A colleetion of Rhmtic fossils. ^ 
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ACCESSIONS TO LIBRARY. 

Fboh 1st Apbil to 30th June 1871* 

Titles of SooJcs. Donors. 

Agassiz, L. — Scientific results of a journey in Brazil. Geology and Physical Geography of 
Brazil, by C. F Hartt, 8vo., 1870, Boston and Loudon. 

Angelin, N. P. — Palseontologia Scandinavica, Part I. Crustacea Formationis Trausitiouis, 
4to., 18o4, Lipsiae. 

Argyll, Duke op. — The Reign of Law, 8ro., 1870, London. 

Bastebi, Jobi. — Opuscula Subseciva, observationes miscellanens de animalcuUs et plantis 
continentia, Vols. LII, (1762,) 4to., J762, Haarlem. 

Bcbttgeb, Oseab. — Beitrag zur palieoiitologischen und geologischcn Ecnntniss der Tertiiir- 
formation in Hei^sen, 4to., 1869, Oifenbach. 

Bbandeb, Gustav. — Fossilia Hantoniensia collecta et in Musteo Britannico Deposita, 4to., 
1766, Londini. 

Bbaun, F. — ^Vcrzeichniss der in der Kreis Naturalicn-Sammlung zu Bayreuth befindlichen 
Petrofacton, 4to., 1840, Leipzig. 

Catalogue of Scientific Papers published by the Royal Society of London, Vol. Ill, (1869,) 
IV, (1870,) 4to., 1869-70, London. 

Catlin, Geo. — The Lifted and Subsided Rocks of America, 8vo., 1870, London. 

Catullo, Tomaso Antonio. — Dei Terreni di Sedimento Suporiore delle Venezie e dei F(>s- 
sili Bryo-zoari, Anthizoari o Spongiari ai quali danno Rieetto 
Memoria,' 4to., 1866, Padova. 

Costa, Prof. O. G.— Palmontologia del Regno di Napoli continente la Doscrizione e figura 
di tutti gli avanzi Organic! Fossili, Pis. I-II, (1850,) 4to., 1850, 
Napoli. 

Description db l’Egtpte, Vol. XX, (1825,) XXI, (1820,) 8vo. Geol. et Miner, with plate, 
folio, 1825-26, Paris. 

Deshates, M. G. P. — Description de Coquilles Caract5ristiques des Terrains, 8vo., 1831, 
Paris. 

Dollfus, a,, and Mont-Sebrat, E. de.— Mission Scicntifique au Mcxique et dans L’Amdrique 
Centralo. Gdologie. Voyage Gdologique dans Rdpubliques de Guate- 
mala et de Salvador, 4to., 1868, Paris. 

Donaldson, J. — Report on the utilization of iron-making materials in the neighbourhood 
of Hazareebaugh by means of convict labour, fisc., 1870, Calcutta. 

V. Ball, Esq. 

Fostteble, Franz.— Das Vorkommen, die Production und Circulation des Mineralischeu 
Brennstofies, 8vo., 1870, Vienna. The Author. 

Forwood, W. Stump, — An Historical and Descriptive Narrative of the Mammoth Cave of 
Kentucky, 8vo., 1870, Philadelphia. 

Fkaas, Db. Oscab. — Die Fauna von Steinbeim, 4to., 1870, Stuttgart. 

Fritsch, K., v.-Reiss, W., and Stubbl, A.*^-Santorin. The Eaimeni Islands, 4to., 1867, 
London. 

Gras, Scifion.— Statistique Mindralogiqne du Ddpartement de la Drdme, 8vo., 1835, 

^ Grenoble. 

Hayden, Dr. F. V. — Geological Report of the exploration of the Yellowstone and Missouri 
Rivers, 1859-60, 8vo., 1869, Washington. 

Hayden, F. V. — PreUminaiy Field Report of the United States Geological Survey of 
Colorado and New Mexico, 8vo., 1869, Washington. 

Hind, Hbnby Youle.— R eport on the Sherbrooke Gold District, with a Paper on Iho 
Gneisses of Nova Scotia, 8vo., 1870, Haliiaz. 
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Hitchcoce» EpwiLED.— Beport on the Geology, Mineralogy, Botany, and Zoology of Maes- 
aohuBette, 8 to., 1833, Amherst. 

HoIiMBS, F. S.— Phosphate Bocks of l^nth Carolina and the Great Carolina Marl Bed, 
8vo., 1870, Charleston. 

InviNa, Abb. Subo. Bobebt Hamiltok. — Some account of the General and Medical 
Topography of Ajmeer, 8vo., 1841, Calcutta. 

Jbnkiks, Bichabd. — Report on the Territories of the Rigah of Nagpore, 4to., 1827, 
Calcutta. 

LafeiboVSE, Pioot db.— D dpcription de plusieurs nouvelles espdces d’Orthocdratites et 
d’Ostracitos, fol. 1781, Erlang. 

Lyhak, Ben/ahie Smith. — General Report on the Punjab Oil Lands, flsc., 1870, Lahore. 

Mobbis, John, and Jones, T. Bupbbt. — Geology, 8vo., 1870, London. 

Palmbb, Db. C., Mubbay, Capt. W. G., and Ball, V. — Report on the Hill of Mahendra- 
giri and the Native Port of Barwah, in the Gai^jam District of the 
Madras Presidency, flsc., 1870, Calcutta. Dr. C. Palmeb. 

PinoEON, EnwABD.^The Fossil Remains of the Animal Kingdom, 8vo., 1830, London. 

ReyniAs, P. — Esshi de Gdologie et de Paldontologie Aveyronnaises, 8vo., 1868, Paris. 

Robmeb, Db. Febd. — Gdologie von Oberschlesien. With Plates and Atlas, 8vo., 1870, 
Breslaw. 

SCBHMANN, Julius.— Geologische Wanderungen durch Alt-Preussen, 8vo., 1869, 

Eonigsberg. 

ScHVABOB, Julius.— The failure of geological attempts made by the Greeks from the 
earliest ages down to the epoch of Alexander, 4to., 1868, London. 

SOBBEBO, Ascanio. — Notizia Storica dei Lavori Fatti dalla classe di Scienze Fisiche e Mate- 
matiche della Reale Aocad. d. Scienze d. Torino, 1864i-65, 8vo., 
1869, Turin. The Tubin Academy. 

Thomsen, Julius.— Thermochemiske Undersoegelser, IX, Undersoegolser over vandige 
Oplffisningers Varmcfylde, 4to., 1870, Copenhagen. 

The Danish Academy. 

Wabd, J. Clifton. — Ice, and a Geological Dream on Skiddaw, 8vo., 1870, London. 

Pebiodicals. 

American Journal of Science and Arts, 3rd ser., Yol. I, Nos. 1-4, 8vo., 1871, New Haven. 

Annales des Mines, 4th ser., Yol. Yl, Liv. 6, 8vo., 1844, Paris. 

Annals and Magazine of Natural History, 4th ser., Yol. YII, Nos. 37-41, 8vo., 1871, London. 

Annak of Indian Administration, Yol. XY, Pt. 1, 8v6., 1871, Serampore. 

Govebnment of India. 

Bastian, a., and Habtmann, B.— Zeitschrifb fur Ethnologie, Band II, Heft. 5-6, Svo., 1870, 
Berlin. 

Geological Magazine, Yol, YHI, Nos, 1-4, 8v6., 1871, London. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Yol. II, Nos. 9-11, 
4to., 1871, Calcutta. Government 6v India. 

Eoldewey, K., and Petbbmann, A.— Die Erste Deutsche Nordpolar-Expedition, 1868, 
4to., 1871,G^&ia. 

LeonhaBD, G.i and Geinitz, H. B.— Neues Jahrbuoh f& Mineralogie, Geologie, und Pate- 
ontologie, I — II, 8vo„ 1871, Stuttgart. 

MabisnI TOP CABil»m.--Bystemati8ehes Conchylien^^^ Bd. X, Heft. 9, 4tot, 1870, 
Numberg, 4bD., 1837-41, Neuchatel. 
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pETEBMANN', Db. A. — Q^ographiBcho Mittheilangeii, Band XXYII, Nob. l-4i 4to., 1871, Gk>tha« 

Pfeiffeb, Db, Louis. — Malakozoologisohe Blatter, Band XVII, Bg, 6-8, 8vo., 1870, Cassel. 

The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th 
Series, Vol. XLI, Nos. 270-74, 8vo., 1871, London. 

Goyebitmekt Selections. 

Bengal. — Vanbenen, Col. D. 0., and Macdonald, Majob J. — General Bcport on the 
Bevenue Survey Operations of the Bengal Presidency, Upper and 
Lower Circles, for season 1869-70, fisc., 1871, Calcutta. 

„ . — Westland, J. — A Boport on the District of Jessore : Its Antiquities, History 

and Commerce, 8vo., 1871, Calcutta. Goyt. of Bengal. 

Goyebnuent of India, Home Depabtment. 

Bombay. — General Beport on the Administration of the Bombay Presidency for 1869-70, 
8vo. Bombay Goyebnment. 

Bbitish Bubmah. — British Burmah, Foreign Department, (General,) Administration Beport 
for 1869-70, 8vo., 1871, Bangoon. 

Government op British Bubmah. 

India.— Selections from the Becords of the Government of India, Foreign Department, 
No. LXXXII, 8vo., 1870, Calcutta. Government op India. 

„ Walkeb, Col. J. T. — General Beport on the operations of the Great Trigonomet- 
rical Survey of India during 1869-70, Use., 1870, Dehra Doon. 

Home Office. 

Madras.— Selections from the Becords of the Madras Government, No. XXII. Papers rela- 
ting to the Survey and Settlement of the Western Delta Talooks of 
the Godavery District, 8vo., 1870, Madras. 

Govt, op Madras, Home Dept. 

Journals, Transactions, 

Berlin. — Monatsbericht dor koniglich Preussischen Akademie der Wissenschaften zu Berlin, 
January to March, 8vo., 1871, Berlin. The Academy. 

Calcutta. — Journal of the Agricultural and Horticultural Society of India, New Ser., 
Vol. II, pt. II, 8yo., 1871, Calcutta. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 3-6, 8vo., 1871, Calcutta. 

The Society. 

„ Becords of the Geological Survey of India, Vol. IV, Pt. II, 8vo., 1871, Calcutta. 

The Subvby. 

„ Transactions of the Medical and Physical Society of Calcutta, Vol. I (1825) — 
IX, Pt. I, (1846,) 8vo., 1825—45, Calcutta. 

Copenhagen.— Steenstbup, J. J. Sm.— Oversight over det kongelige danske Videnska- 
bemes Selskabs Forhandlinger og dets Medlemmers Arbeider i 
Aaret, 1868-70, No. 6, (1868*,) No. 4, (1869,). No. 1, (1870,) 8vo., 

• ] 868-70, Copenhagen . Danish Academ y . 

Bdinbubgh.— Proceedings of the Boyal Society of Edinburgh, session 1869-70, Vol. VII, 
No. 80, 8vo., 1870, Edinburgh. The Society. 

9 > Transactions of the Boyal Society of Edinburgh, Vol. XXVI, Pt. I, 4to., 1870, 

Edinburgh. The Society. 
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FiiOBBKCB.^Bollettitio R . Comitato Geologico D'ltalia, Nob. 1-4, 8vo., 1871, Florence. 

The CotfMissioH. 

Geketa. — M^moires de la Socidtd de Physique et d’Hisioire Naturelle de Gendve, Vol. I, 
(1821)— XIII (1864,) 4to., 1821-64, Gondve. 

Olaegow.— ProccedingH of the Philosophical Society of Glasgow, Vol. VI, Nos. 2-4, (1866-68), 
Vol. VII, Nos. 1-2, (1869-70,) 8vo., 1866-70, Glasgow- 

The Society. 

Londok.— B ritish Museum. A Guide to the Collection of Minerals, 8vo., 1870, London. 

Teusteks, Bb. MuSEUlf. 

„ Index to tlie collection of Minerals in the British Museum, 8vo., 1870, London. 

Tbustbeb, Bhitish Museum. 

„ Catalogue of the Collection of Meteorites exhibited in the Mineral Department of 
the British Museum, 8vo., 1870, London. 

Tbustsbs, Bb. Museum. 

„ Butleb, Abthub G.— Catalogue of Diurnal Lepidoptera described by Fabricius 
in the Collection of the British Museum, 8vo., 1869, London. 

Tbustees, Bb. Museum. 

„ Butleb, Abthub G.— Catalogue of Diurnal Lepidoptera of the Family Saty- 
rida? in the Collection of the British Museum, 8vo., 1868, London. 

Tbustees, Bb. Museum. 

f9 Gbat, Geoboe Bobebt. — Catalogue of British Birds in the Collection of the 
Bntish Museum, 8vo., 1863, London. Tbustees, Bb. Museum. 

Gbay, Geoboe Bobebt. — Hand-List of Genera and Species of Birds, distin- 
guishing those contained in the British Museum, Ft. I, (1869,) 
8yo., 1869, London. Tbustees, Bb. Museum. 

H Gbay, Geobge Bobebt. — List of the Specimens of Birds in the collection of the 
British Museum, Pt. Ill, Section 3-4, 12mo., 1867-68, London. 

Tbustees, Bbitish Museum. 

M Gbay, John E, — Catalogue of Carnivorous, Pachydermatous and Edentate 
Mammalia in the Bntish Museum, 8vo,, 1869, London. 

Tbustees, Bbitish Museum. 

ff Gbay, Johh E.— Catalogue of Lithophytes, or Stony Corals, in the collection of 

the British Museum, Svo., 1870, London. 

^ Tbustees, Bbitish Museum. 

„ Gbay, John Edward.— Catalogue of Seals and Whales in the British Museum, 
8vo., 1866, London. Tbustees, British Museum. 

9 , Gbay, John E. — Catalogue of Sea-Pens or Pennatularidse in the collection of the 

British Museum, Svo., 1870, London. 

Trustees, British Museum. 

„ Gbay, John E, — Supplement to the catalogue of Shield Reptiles in the collection 
of the British Museum, Pt. I, Testudinata (Tortoises), 4to., 1870, 
London. Trustees, British Museum. 

„ Gukther, Albert.— Catalogue of thu Fishes in the British Museum, Vol. V, 
(1864,) Vm; (1870,) 8vo., 1864-70, London. 

Trustees, British Museum. 

n JottNSTON, Geoboe.— A cstiJogue of the British Non-Parasitical Worms in the 
collection of the British Museum, 8vo., 1S66» London. 

Trustees, British Museum. 



PART 3 .] 


Accessions to Library, 


87 


Titles qf Books. Donors. 

Lonpok.— last of the MoUusca in the collection of the British Musemn, Pt. II, Olividie, 
12mo., 1866, London. Tbttstees, British Museum. 

,, Waiebb, Fbakcis. — Catalogue Off the Specimens of Blattarim in the collection of 
the British Museum, 8yo., 1868, London. 

Tbustees, British Museum. 

„ WaIiEBB, Fbahois. — Catalogue of the Specimens of Dermaptera Saliatoria and 
Supplement to the Blattarise in the collection of the British 
Museum, Pt. I, (1869,) III, 1870, 8vo., 1869-70, London. 

Trustees, British Museum. 

„ Walebb, Fbakgis. — Catalogue of the Specimens of Hemiptera Heteroptera in the 
, collection of the British Museum, Pt. 1, (1867,) 111, (1868,) 
Scutata, 8 VO., 1867-68, London. 


Trustees, British Museum. 

Walebb, Fbaecis.— List of the Specimens of Lepidopterous Insects in the collec- 
tion of the British Museum, Pt. XXVII, (1863), XXX, (1864,) 
Crambites, TortricitC, and Tineites, 12mo., 1863-64, London. 

Trustees, British Museum. 

Walebb, Fbabgis. — ^List of the Specimens of Lepidopterous Insects in the collec- 
tion of the British Museum, Pt. XXXI, Supplement I, (1864,) 
Pt. XXXV, Supplement V, (1866,) 12mo., 1864-66, London. 

Trustees, British Museum. 

Wollaston, T. Vebnon. — Catalogue of the Coleopterous Insects of the Canaries 
in the collection of the British Museum, Svo., 1864, London. 

Trustees, British Museum. 

Journals of the Bojal Asiatic Society of Great Britain and Ireland, New Ser., 
Vol. V, Pt. I, 8va, 1870, London. The Society. 

Boyal Society. Philosophical Transactions of the, London, Vol. 160, pts. 1-2, 
with list of members, 4to., 1870, London. 


The Sooiett. 

„ Proceedings of the Boyal Society of Loudon, Vol. XIX, Nos. 125 and 127, 8vo., 
1870, London, The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXVII, Pt. I, 
No. 106, 8vo,, 1871, London The Society. 

„ Journal of the Society of Arts, Vol. XIX, Nos. 949-955, 8yo., 1871, London. 

Thb Society. 

Philadelphia.— Journal of the Franklin Institute, Vol. LX, Nos. 5-6, 8yo., 1870, Phila- 
. delphia. The Institute. 

Trinidad* — Proceedings of the Scientific Association of Trinidad, Pt. I, December (1866,) 
to VII, June, (1869,) 8yo., 1866-69, Port-of-Spain. 

Turin. — Atti della B. Aocademia delle Soienze di Torino, Vol. V, (1869-70,) and Appendice 
al Yolume IV. Dcfli atti della B. Accademia deUe Scienze di 
Torino, 8yo., 1869-70, Turin. The Academy. 


y, Bolletino Meteorologico ed Astronomico del Begio OsserYatorio dell’ UniYersita di 
Torino. Anno. IV, 4to., 1869, Turin. The Academy. 

Yienna. — Jahrbuch der k* k. Geologischen Beichsanstalt, Band XX, Nos. 2-4, 8yo., 1870, 
Vienna. The InstiIutb. 

„ ^ Yerhandlungen der k. k., Gleologischen l^eichsanstalt, Nos. 6-18, 8yo., 1870, 
Vienna. The Institute. 
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Kote on Maseat and Mabsandim on the east coast of Arabia, hy W. T. Blanfobd^ 
A* S. M., F. G. S., Deputy Superintendent^ Geological Survey of India, ‘ 

The rocks of Maskat and of Bds Massandim, (the latter being the bold projecting capa 
-which forms the Arabian side of the straits of Hormuz at the entrance to the Persian Golf,) 
have already been described by Dr. Gaiier in his memoir on the geology of the south-east coast 
of Arabia ; the former &om personal inspection, the latter from specimens and a description 
^rnished by Lieutenant Constable. In a recent voyage up the Persian Gulf, 1 had an oppor- 
tunity of visiting both these localities, and the result of my brief examination of them» 
whilst entirely confirming Dr. Carter’s account, enables me to add a few particulars of 
interest. 

MasJcat — ^The cove of Maskat, as mentioned by Dr. Carter, is surrounded by dark 
coloured serpentine rocks rising steeply from the water. But here and there stratification or 
foliation is very apparent ; thus, on the west side of the harbour, the rocks have a distinct ^p 
to the north at an angle of about 45°. Biding inland from the suburb of Matrah to a distance 
of two or three miles, I found that the serpentine passes gradually into hornblende-schist,* 
and 1 can only suggest that the rocks of Maskat probably belong to the metamorphic series^ 
which is mentioned by Carter as occurring in the form of granite, gneiss, diorite, &o., at 
several places on the south-east coast of Arabia. 

Upon the schists and serpentine rest beds of pale-coloured limestone, with calcareous 
sandstones, conglomerate and variegated clays with gypsum, just as described by Carter. 
The conglomerate contains pebbles of limestone, sandstone, quartzite, and. a green quartzose 
rock coloured by chlorite. Amongst the limestone pobbl^s, some of a very dark colour 
contain traces of fossils resembling encrinite stems ; these are perhaps derived from rooks 
of the same series as those of Massandim. 

1 could find no fossils in the Umestones, Ac., at the place where 1 ezaihihed them, but 
their appearwce is so similar to that of some of the nummi^tio rocks of Sind lhat 1 
should have clasped them as probably nun^ulitic, even without ,the conclusive evidence 
furnished by Captain Newbold.t At the stuhe time it struck me that some greyish overlying 
bedsiwhich I had not time to visit, but which are well seen oh .the coast north-west of 
Maskat, might h/^long to the newer tertiaries of the Makrdn groop* The little island of 
Fahll appears to be of nummulitio limestone. ' 

Mds 9 andm,-^Th» whole of the pj^omohtoiy which, jutlang out ficmn. the Arabian Coast, 
closes in the Bouthem portion of the Fersum Gulf appem to CKHisIst of# stratified dark- 
S : . . . 

It if dcubtlffs t lets schistose fiMpn pf this fooh which Dr. .Csctsr dills dHoma 
t Joar.BomlMiy Br.K. AS., Vol.lXl,pt. I,p. S7. ' ~ . 

t Hoe pMow psper,.p. d, Idthp^BMuiuo of 
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coloured lisaostoue.' I had au opportunify from the deck of the ateamer of seeing the cape 
itself and the little island of Massandim, from which the whole promontory derives the 
name by which it is chiefly known. 

Subsequently in Khor-as-Shem, or Elphinstone Inlet of the old charts, formerly a 
telegraph station of the Persian Qulf Cable, I was enabled to examine the rocks more 
closely. 

They consist of black, brown, dark-grey, and dark-buiF limestone, hard, compact, and 
intersected by veins of ccdcite, with a few comparatively thin and subordinate beds of shale 
and sandstone. ^These rocks are distinctly stratifled, the slight variations in the colouring 
of the diiTerent beds rendering the stratification distinct up to the very summit of the 
huge precipitous mountains which rise from the shores of the inlet. As a rule, the beds 
roll about with a moderate dip not exceeding 20° ; in places there is much disturbance and 
contortion. The thickness of the beds must be very great ; some of the mountains on the 
inlet are said to be 6,000 feet high, and they evidently consist entirely of the dark limestone ; 
indeed no trace of any other rook was to be seen in the neighbourhood. 

Fossils are far from scarce in the limestone, but it is unusually difficult to find any in a 
state in which they can be recognised. Sections of shells, both univalves and bivalves, 
fragments of corals, and apparently of encrinites, are to be found in several beds, but it was 
only after much search that 1 found anything which may possibly be identified. 

These fossils have been submitted to careful examination by Dr. P. Stoliezka, Palseonto- 
logist to the Geological Survey of India, who states : ** The limestone contains several 
specimens of a Mgophoria, externally very closely resembling M. chenopwSf Laube, from 
the St. Oassian beds, and indicating upper triassic strata. This is the only fossil which can 
be even approximately determined. It occurs socially, and together with some casts of 
Gastropoda, resembling Chemnitzia. 

*'A few casts of a Pelecypod resemble in shape Anoplophora, also a triassic genus.*^ 
. There are two valves of an Exogyra of the shape of the neocomien E, conica. As far as I 
know, this type is unknown in the Trias. 

** A few fragments of a Fecten, undeterminable, occur ; and several fragments of an 
Asteroid coral.” 

I suspect that this great limestone-formation must occupy a considerable area in * Oman ; 
^ and it is far from improbable that it forms part of the great dark-coloured mountain ranges 
behind Maskat. This is the more probable, because Dr. Carter obtained through Mr. Cole 
of the Indian Navy specimens of similar limestone from the mountains near Bds-el-Had. 

The most remarkable circumstance about the Massondim promontory is its form. The 
inlet I visited, Ehor-as-Shem, runs from the Persian Gulf for, I believe, seventeen miles into 
the heart of the hills ; it is about 17 to 20 fathoms deep throughout, and in many places even 
close up to the rocks on each side. It is only separated by a belt of land l ess a m ^l*» 
from another inlet called Ghubet Ghdzirah (Malcolm's Inlet of the old charts), which 
easters firom ^e eastern side of the promontory in the Gulf of *Om&n, and which is still 
0ther inlets occur, all very deep, and immediately off the rocky coast is the deepest 
jpalt of, Persian Gnlf. There is a ourious resemblance of theso inlets .to the fiords of 
bat the latter are undoultidly of glacial origin, whilst no such cause can be 
auggSiM ibe df the very hottest tegions of the whole surface of the globe. The sea 
land-locked basins as that of ’Ehor-as-Shem, barely a mile ‘ across 
A W fi^oms dCep. ^ can odly suppose that the peculiar form of this coast, Is the 

^ ' . result of J^hat the inlets wore valleys on the land <produced in the usual manper 

:>)/b^ ansi then sunk beneath the s^a. ’ The ^cat depth of th0 Gnlf iff ‘Oman 
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off Maskat (2,000 fathoms) may point to a general and long oontinned subsidence along 
this coast, and, if so, it is curious to contrast it with the evidence of comparatively recent 
elevation on the opposite shores of Persia as noticed in a previous paper. 

Camp Gwadab, Biltjchistan ^ 

Januwry, 1872. S 

An example of local jointing, H. B. Medlicott, M. A., F. G. S., Deputy Superin- 
tendent, Q-eological Survey of India. 

Within the cantonments of Jabalpdr, south of the civil station and of the city, there 
is a small group of hillocks,, or steep bare rock-masses, about fifty feet in height. The whole 
stand within an area of nearly one hundred and fifty acres, of which the protruding rock 
occupies about two-thirds, in three principal masses. They are locally known as the 
Kattung4 quarries ; the sandstone being much valued and extensively worked for building 
stone. Its use for this purpose is greatly facilitated by the very perfect jointing by which 
the rock is traversed. The unique character of this feature in the great formation to which 
the sandstone belongs, and the peculiar petrographical circumstances of the rock in this 
locality, give some interest to the case as suggesting definite conditions to which the jointing 
is due. There is nothing new in the main cause thus educed, but so well-marked an instance 
of local action, or of secondary influences, may be worth recording. 

The sandstone belongs to an upper member of a gmat series of rocks representing a 
well-defined period in the geology of India, beginning with the glacial deposits of the 
Talchit group, upon which rest the coal-measures, and ending with various groups hitherto 
included under the name MdhaddvA These strata, as a whole, are but partially indurated 
and only slightly disturbed. Jabalpur stands upon a boundary of the formation running con- 
tinuously for 350 miles in an east-30°-north direction, along the valleys of the Narbada 
and the Son. In this neighbourhood the massive sandstones, irregularly associated with 
pale shaly clays, are even softer than usual, weathering with well rounded outcrops and 
an undulating surface. It is difficult at first sight to believe that the sharply edged, cliffed 
rocks of the Kattunga hillocks can belong to the same formation. Looked at from the north- 
north-west or the south-south-east they would be taken for well-bedded vertical quartzites. 

In the annexed diagram (Fig. 1) a number (56) of observed bearings of the joint-planes 
are tabulated. Excluding only seven bearings, all in the north-east quadrant, the remainder 


MOUTH 



Pig. 1.— Diagram shoeing bearings of joints in the sandstone of Kaltungi, Jabalpfir, 
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can be diviaibuted i&io three groups. The numbers of observations in the two quadrants 
nespeotively do not at all represent the relative importance of the groups. The group C 
predominates greatly, dividing the whole rock-mass into cleanly separated vertical layers 
of from six ifohes to three and four feet in thickness. About an equal number of the cross- 
joints in the north-east quadrant were taken in order to obtain fair averages of their bearings 
among themselves. These cross-joints are much less regular than the main joints, often 
leaving unbroken spaces of thirty and forty feet : the planes, too, are less continuous, and 
frequently have a considerable underlie. 

It will be seen from the table that the three groups present a very satisfactory 
illustration of Professor Haughton*s explanation of joint-systems,* which assigns definite 
mechanical relations between the directions of the joint-plants traversing any mass of 
strata and those of the compressing forces that have affected them. The Primary system, 
generally the predominating one, following Sharpe’s law of cleavage, occurs at right angles 
to the main compressing force. The second system is determined at right angles to the 
Primary, e^d therefore at right angles to the direction of least compression, from which 
relation to the Primary it is called the Conjugate system. Other four systems, (respectively 
conjugate to each other) may be determined, related to the two main systems by the limiting 
angle of friction of the rock. There is no difficulty, for the case under notice, in assigning the 
direction of the compressing forces by which the rocks have been affected, and thus obtaining 
the key to the induced rock-structure. Although, as a whole, these formations lie in their 
original position of deposition, there are many instances of oven intense disturbance near the 
boundaries of the basin, where much of the compressing forces seems to have been expended, 
the yielding masses of the newer sedimentary deposits being here in contact with highly 
consolidated metamorphic rocks. TJie flexures of the strata thus produced observe a very 
general parallelism to these boundaries. As already mentioned, the boundary upon which 
Jabalpdr is situated has a very steady general bearing of about east-30®-north. In this 
immediate neighbourhood there is a single case of disturbance, and it conforms to the 
rule just indicated : at about half a mile to the south-east of the quarries there is a ridge 
formed of strata of the same formation dipping at 30® to south-35®-cast. The direction of 
the compressing force being thus fixed, it is evident that the A group of joints, at right 
angles to that direction, represents very closely the Primary system; its mean bearing 
being 28°30' north of east. The group C, which is hero the dominant one, then takes its 
place as the Conjugate system to A. Its mean range in the diagram is 23® 30' west of north, 
gpving only 86° between it and A ; but this ^m^^ht evidently be brought much nearer to the 
normal by slightly limiting the range of the group to where the readings are concentrated. 
The group A would come in as a Secondary system to A^, the angle between them being 
22 30 . Interpreted from this point of view, it would seem that the direction of the 
joints C was determined at right angles to that of least compression. 

What it is chiefly desired to exhibit in this example is the conditions which seem to 
have produced so very local a peculiarity. It may, I think, be presumed that the power 
ooncemed was the shrinkage upon induration— a familiar agency in such phenomena ; but it 
aeethB to have been seconded in an essential manner by local conditions, anch as the texture, 
the homngenmy, the thickness, of these masses, or by their position upon a more rigid base. . 
Theis determining secondary causes are, at least, suggested by the comparison of the 
' with others in th^^ighbourhood, where the induration is .quite as great 

without jointing. Several suet cam may be seen on the open ground to the east ^ 

Of the 0 few scattered rocky liillocks, of about an acre in extent, 

sandstone of the same age as the Kattungd rook, but without regular 


Pbil. Trane, for ISSS ati4 1861. 
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The Kattung4 sandstone is of moderately eoarse texture. Although the stone is firm, the 
binding ingredient is in . small proportion; there is a sprinkling of white clay, but not 
sufficient to fill the interstices of the grains ; the stone thus remains a freestone, dressing 
well under the chisel. From a cursory examination made by Mr. Tween, the oement would 
seem to be a slight infusion of silica ; it is unaffected by ordinary solvents. The stone of 
the other hills is somewhat finer in grain, with a full proportion of matrix, which, under the 
indurating action, assumes a porcellanic state. This highest induration seems confined to 
the parts along the few irregular joints that occur, but in^the interior of the rough masses 
the stone is still quite as hard as that of Kattuuga. 

From top to base of the Kattunga hills there is no sign of bedding. The lamination 
is, however, betrayed by slight variations in texture, showing the original lie of the rook and 
its undisturbed horizontality. There is no such massive bedding in the sandstone of the 
other hills ; even shaly partings are not unfrequont. 

Such differences of texture, structure, and homogeneity might go far to explain the 
exceptional feature in the Kattungl^ rock ; but there is a peculiarity in its position that is 
worthy of notice in this connection. The maiif area of the formation lies to the south-south- 
east ; and in the low ground to the north of the quarries the soft sandstones and shales are 
again fonnd in well-sections under the alluvium ; but at a short distance to the west there 
is a range of granite-hills, on the continuation of which, prolongations and inliers of the 
granite weather out for some distance in the low ground'*close to the south of the quarry- 
hills. Thus it seems highly probable that the sandstone here is throughout underlaid almost 
immediately by the granite. At one spot tliis is fully seen, where a small promontory of 
sandstone crosses to the west of the city-branch of the K^gpiir road, and rests upon a 
knoll of granite. Directly coating the uneven surface of the granite there is here seen a 
variable bed of coarse arkose, now in a rusty and friable state ; its surface is conglomeritic. 
Upon tbis rests a two-feet bed of a very peculiar rock — a coarse mixed sandstone with an 
excess of eartby matrix in a highly indurated, porcellanic, condition ; the whole shivered 
into most irregular blocks. This same quartzite is very extensively found along the base 
of the formation as a contact-rook ; but it also occurs near the boundary between soft earthy 
beds. In the section under notice it is immediately overlaid by a remnant, some fifteen feet 
thick, of the highly jointed sandstone. The hard but unjointed sandstone of the other locali- 
ties rests upon a considerable thickness of the unconsolidated sedimentaries. May it not 
be that the shrinkage in the latter cases was satisfied to some extent by external yielding ; 
whereas in the Kattungd rock It . had all to be accounted for within the massP 

Although there Is much reason to believe that the directions of these joint-systems 
wore determined in accordance with the law expounded by Professor Haughton, it is neces- 
sary to suppose that even the Primary joints were here developed from a latent state by 
the same conditions that produced the main jointing, the compressing force not having 
been sufficient directly to complete this cleavage-jointing, 

20th May, 1873. - H. B. MBDLICOTT. 


A FBW ADDITIONAL EBMAEKS ON THE AXIAL OEOtTP OF WbSTBEN PbOMB, hy W. TheoBALD, 
Esq., Geological Survey qf India* 

Since the publication of my remarks on the axial group of Western Prome, in the 
Becords of the Geological Survey, No. 2, 1871, the more extended examination of the neigh- 
bouring Country has made it necessary to restrict the group within somewbat narrower limits 
than I had at first assigned to it ; and I think I shall best convey an idea of the extent and 
scope of such limitation by briefly sketching the various stq»s b 5 %hich our knowledge of 
these beds has been acquired. , 
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In 186h Mr. W. T. Blanford, who was then entrusted with the surrey of Pegu, expressed 
an opraionr funded on the examination of the Bassein district, that the altered, or “ Hill 
rocka” as he termed them from their being confined to the hilly region wherein the Arakan 
range here becomes mexged, were as likely as not altered Nummulitio strata^ notwithstanding 
the gene al difference in character between these '' Hill-rocks*' and the unaltered Nummulitics 
met with in the plains and outer kills ; though this view could not be corroborated by fossil 
evidence, as no fossils had then been detected in these " Hill-rooks.’* 

A few years later I visited a 4 >ortion of the ground surveyed by Mr. Blanford ; the 
result being that I found myself unable cordially to assent to the above view of Mr. Blanford, 
and preferred to allow the point to remain an open one in the hope of some evidence of a 
more positive kind regarding the relation of the altered and unaltered rocks of Pegu being 
forthcoming in time elsewhere. About this time, my colleague, Mr. P. Pedden, who was 
then working with me in Pegu, discovered some dark shales containing Poraminifera, (Oper- 
oulina) in a small stream, on the western side of the Arakan range, falling into the 6wa river, 
and this, %ith one more recently discovered, which 1 shall notice presently, is the only 
instance with which I am acquainted of fossils having been detected well within the area of 
the ** Hill-rocks.'** The isolated occurrence, however, of a few fossils, even the most charac- 
teristic, at a single spot would not have been conclusive as regarded the age of the gi'oup 
constituting the great mass of the Arakan hiUs ; and little or no progress was therefore made 
towards the solution of the question of identity or not of the altered and unaltered rocks 
of the Arakan range up to the time of my writing my remarks on the axial group in the 
Becords of 1871. When, therefore, I commenced work on the frontier in the season of 1869-70 
among the ** Axials ** as restricted by me, which are here so well displayed, and in such 
contrast to the Nummulitio group of the plains, I recognised, as I thought, a confirmation of 
the view to which I had always inclined — ^namely, the distinctness, geologically speaking, of 
the altered and unidtered rocks which had proved so puzzling in Bassein — and in commencing 
to follow up south the boundary of the Axial group and the Nummulitics, 1 not unreason- 
ably supposed that 1 was holding the clue to the true relations of the rocks in Bassein. At 
first of course all went saiisfiactorily enough, the nature of the ground considered, for I was 
dealing with a veritable geobgical boundary ; but I had not got well out of the Frome district 
when 1 began to feel less satisfied with my work. It may be remembered that I described 
the upper or typical Axials as resting on a series of shales and sandstones which possessed 
much of the general aspect of the Hill-rooks met with to the south ; and 1 somewhat hastily, 
though with a great show of probability, 4 poncluded that they belonged to the same group, 
and that the fault, which, as I believed, brought in the upper Axials against the qummulitic 
strata in Frome, continued on and bought up the lower Axials in like manner to the south. 
By the time, however, I had reached the confines of the Bassein district, I became couvideed 
that the boundary 1 was then following was illusory, that is, not a geological one, but merely 
one dividing the altered from the unaltered side of the same group, and which was becoming 
more and more vague towards the south, where, as Mr. Bianfoxd had originally remarked, 
no. separation was possible between these often dissimilar but rea%' geologically identical 
groups. Although I am now convinced in my own mind of the correctness of the view 
ori^pinally put forward by Mr. ISlanfin^, 1 deemed it highly desirable, if possible, to procure 
some coiTbhoraiive evidence. I had, it is true, failed to detect any fossils in any limestone 
1 had yet . etamined within the areadi^ the Hill-rocks ; and this, coupled with the fact of 
nuintbnlite^ in many places .among the unaltered beds^ had much traded to 

idnbts of the view I was at length forced' to adopt, but I determined to visit 
l^anford : has marked limestone on the Fyennea Ohoung, ten miles west 

^ corals and c^er fomUs, M in a state that mdecs it doahtfuJ tf they eah 



TheohM : ^Jxial gfmi^ %% Wieiiem Frame. 


81 


VAULT 8 .] 

of the Basgein river, within the axen of the HiU-rocki. At first this limestone seemed as 
devoid of fossils as most of the similar oatorops of the rook within the hiUs examined by 
me, bat in one place 1 was rewarded by finding nnmerons small nnmmnlites in it, which 
seemed to have escaped the molecular action, which, I preaume, is the true cause for the 
general disappearance of fossUs in the rook, and not its originally azcnc character. Having 
thus satisfied myself that the ** Hill-rocks ” of Blanford comprising the southern portion 
of the Arakan range were of Nummulitic age, and consequently distinct from the Axials 
of the Frome district, it became necessary to retrace my steps in order to discover where, 
in following down the line of altered rocks, I had, as it were, got shunted off the Axials on 
to the Nummulltics. This point was very soon ascertained. The upper Axials, which are 
so well displayed on the frontier, hold their course continuously to within a short distance 
of the Thanni Choung, a distance of ^orty-seven miles as the crow flies, from where they 
enter British territory, or a little above the parallel of Prome. A few rolled lumps of the 
characteristic grits of the upper Axials may be seen in the Thanni Choung, below the junction 
of a small stream, (the Thaybew Choung, not on map)*; but nowhere else can any evidence of 
the presence of this group be detected in the Thanni Choung, either above or below this spot. 
The upper Axials indeed stop here abruptly ; for, a very short distance up the Thaybew Choung 
the characteristic axial limestone comes in, from which I obtained numerous specimens of an 
echinoderm, unfortunately none of them in a state for identification. Thus far the boundary 
of the group is, I believe, a faulted one, but here the j(ault would seem to die out and the 
group to be covered up by the altered Hill-rocks of Nummulitic age. The rocks actually seen 
in the Thanni Choung do not give much assistance towards determining the question of their 
age. Just below the junction of the Thaybew Choung the shales are seen which may con- 
fidently be referred to the Nummulitic group. Above the junction of the Thaybew Choung 
great disturbance and alteration of the beds is seen ; harsh indurated sandstones, vertical and 
much shattered and disturbed, occur, and above this spot, sandstones and shales of the 
ordinary kind met with among the Hill-rocks. Now, for any direct evidence to the 
contrary, these might belong to either group ; and their position is quite such as would 
identify them with the group of similar character underlying the upper or typical Axials. 
Thirty miles south of this is the village of Chin-na-gyee, where, in my note on the Axials, I 
thus described the boundary which I then supposed was the junction of the two groups, and 
the continuation of that which in reality stops short of, and without crossing, the Thanni 
Choung. “ The stream above Chin-na-gyoe seems to display mostly shales of the lower group, 
and just south of the village in the bed of the stream, highly altered sandstones come in of 
the usual harsh character of so many beds belonging to Ihis portion of the group. Not 
thirty yards below them comes in, quite unaltered, a calcareous sandstone profusely charged 
with nummulites. The houmdary is here fixed within a few yards, and strikes through 
the centre of Chin-na-gyee village, and at this point would seem to completely cut out the 
whole upper group” (of Axials). This section is merely a better and more sharply defined one 
than usual of the ordinary junction of the altered or Hill-rocks with the unaltered Num- 
muliiics ; and at the tipae I first* visited it, I had no doubt of its bemg the faulted boundary 
of the two groups (Axials and Nummulitios), instead of merely the bcnindary of that peculiar 
metamorphism which characterises the HiU-rooks, and which, the further we go south, 
seems more and more capriciously and irregularly developed. Of the lower A;cial8, now 
that all the HiU-rocks to the south are separated from - them, we know very little. The 
country occupied by them being, without any figure of speech, most impracticable. From 
the point near tb« Thanni Choung, where the group terminates, the boundary recedes to 
the westward along the watershed separating the Thanni Choung from the Muday Choung 
to the north. This is indicated in the map by a dividing ranges which gives a very 
inaccurate conception of the physical aspect of the country, tbengh it may, very pro- ^ 
hably, correctly enough mark the actual watershed. Nattoung, a conical 'hill capped 
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witk «erpentiiie, U between tbe Thantii and Muday streame, at almost the extiemil^ 

of fheaadal area. It is.eteeply scar[^ on three sides, but is aooessible on the north*north- 
east by a steep spur. From the summit a fine view is obtained of the ground intervening 
b6t#eea it and the main Yomah range, but which being intersected by no considerable 
stream* totally uninhabited and covered with virgin forest, is quite impossible to explore ; 
and it is not till the western side of the Arakan range and the' Akyab district comes 
under survey that more details of the Axial group can be looked for ; and even then the 
difficulties presented by the wild, forest-clad and uninhabited nature of the country in 
question ^will for many years act as a complete bar to anything like a full and satis- 
&oiory examination of the ground. It is beyond the aim of my present note to enter 
on the relations, as far as known, of the Axial group to the westward, and 1 will content 
myself with a, brief recapitulation of the main points how established. 

Axial group extends down into Fegu, a distance of about forty-seven miles 
from the frontier ; the boundary on thq, eastern or Pegu side of the Arakan range being a 
faulted one, having a strong upthrow to the west, whereby the upper Axials are brought into 
contact with the Nummulitic group. 

.^There is no evidence that any portion of this group passes south of the iThanni 
Choung, though the precise boundary between the lower Axials and the Hill-rocks ” or 
altered Nummulitics is obscure and at present only provisionally determined. 

Srd. — On the western side of the range, a great thickness of beds intervenes between 
the Axial group and the Nummulitics, amongst which the presence of cretaceous rocks is 
shown by the occurrence of Ammonites rostratus. Sow., near Male. These cretaceous strata 
certainly extend as far south as Kaintali, but being in the province of Arakan, have only 
received a very cursory examination. 

Mag, 1872 . 


Sketch of the Geology of the Bombay Pbebidency, hg William T. Blanfoeb, 
F.^ G. S., Dejputg Superintendent, Geological Surveg of India, 

The Bombay Presidency consists geologically, as well as physically, of two parts. The 
north-western of these consists of Sind, Kachh and Giijr&t ; the south-western comprises the 
Mardtha country. Boughly the river Narbadd ( Nerbudda ) may be said to divide the two 
regions. A part of the distinction is climatic, the north-eastern division being, to a .great 
extent, beyond the area of the periodical monsoon rains, but the essential differences are due 
to the very dissimilar geological formations of which the two regions consist. 

The geology of the Mar&tha country is fdr the most part of the simplest kind, by far 
the greater portion of the surface being composed of nearly horizontal strata of. basalt 
and similar rooks. Hence the peculiar' features of the countiy, the extensive plateaus, the 
long hog-backed hills, the terraces on their sides, and the black precipices whioh in so many 
places almost out off oommunioation with the low ground. Hence also the fertility of the 
soil which covers the country, and its adaptation to the growth of cereals, pulse; and cotton ; 
and to 1^6 i^e cause may be attributed the thinness and stunted growth of the 'forests 
except in a few ffivoured localities. 

The rooks of the Bombay-Becoan agl precisely similar to those of neighbouring^portions of 
the IndiSiti India proper in its geology stands as strikingly aloof from neighbouring 

portions'^ Alda m It does in its ethnology and zoology. But the rocks of Gli^r&t, Kachh and 
^nd, coat: n^resented in the Indian peninsula, and must rather be considered as 

^ I or (he aihdn moea To pefUneolt, BUm and Ooehia 

and to me a sdeatiflo The oottattltti hsfSac 

wn soologloal soaneotlido' with India proper. * 
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belonging to Coutinental Asia, being oontiniioas, as was long since shown by Dr. Carter, with 
the formations found in Pmia and Arabia. To the northward the Sind rocks extend to the 
foot of the Himalayas. 

To this striking change in the geology is due to no small extent the difference in the 
physical features of the counti'ies north-west of GujiAt. Instead of plateaus covci'cd by 
black soil, we find undulating sandy plains with scattered craggy hills ; the immense alluvial 
fiats to the north of Kachh and Giljrat are for the most part deserts of blown sand, and the 
fertile country consists of a belt, rapidly diminishing in breadth to the westward, along the 
borders of the sea ; its verdure is due to the humidity caused by the neighbouring ocean. In 
Sind even this ceases, and the country, except on the banks of the Indus, or where reclaimed 
by irrigation, is an arid tract of gravel and sand firom which arise the steep scarps of lime- 
stone ranges. 

In the ensuing brief description of the different groups of rocks found in the Bombay 
Presidency, it will be seen that each system is mainly developed in one or the other of these 
two great divisions. The only important exception is in the metamorphic rocks at the base 
of the whole geological series. The basaltic traps extend into K4.tti4war and Kachh, but 
they occupy but a small area. The division of course is not absolute, but it is evident that, 
as has been suggested by Professor Huxley, the Indian peninsula has had, during the later 
geological epochs, a different history from the country to the north-west. In the following 
list of formations the Indian classification has been adopted, partly in order to show the 
relations of the various beds of Sind and Kachh to those of the Indian peninsula, partly 
because the usual European classification is quite inapplicable to the latter ; for it is as yet 
a moot point whether the great Deccan trappean series is secondary or tertiary, and the 
European equivalents of the Vindhyan series are unknown with any accuracy. 

The following is a list of the formations found in the Bombay Presidency and its 
dependencies in descending order : — 

Black soil. 

Littoral concrete. 

Alluvium of Sind, Kachh, and Gi^rat. 

Laterite of the Konkan. 

Surface gravels of Sind. 

Ossiferous gravels of river valleys. 

Upper tertiaries of K4tti6w&r and^Kachh. 
Older tertiaries of Sdrat, Bharocb, K&tti&wlur, 
Kachh, and Sind. 

Perim Island bone beds. 

Laterite of the Deccan. 

Deccan traps. 

Intertrappean beds of Bombay. 

Ditto of Dewad, NIigpdr, Harbad& valley, Ac. 
Cretaceous beds of Bdgh. 

Jurassic rocks of Kachh; upper. 

Ditto ditto : lower. 

"Diamond limestone*' and sandstone of Bel- 
, g&on, Kaladghi, and Batnagiri. 

Champanir beds. 

Granite, gneiss, mica schist, Ac. 

These are all which are actually known to occur in the area to which the present notice 
relates and its immediate vicinity j but in order to explain them, it will Bo needful oocasionaJly 
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to wiftlcA briof reference to strata found in acyoinin^if districts. In proceeding to give a 
brief decoripti’cni of these ▼arious fi>rmationB and of their distribution in the Bombay 
Presidency* I shall, as is customary and most convenient, commence with the oldest. 

1.— Mhtahobfhio and Subhbtahobfhic Sebies. 

I. MeiamorpMc rocks, — Under this heading are classed together all the crystalline 
formations, granite, syenite, diorite, ^c,, gneiss, homblende-schist, mica-schist, quartzite, 
crystalline limestone, ^e,, whether laminated or not. It is possible that veins of granite, 
syenite, and diorite may exist of later date than the metamorphism of the gneiss, but none have 
been met with as yet of which the later origin can be proved ; and the majority of such veins 
are clearly contemporaneous with the metamorphic action, whilst throughout India wher- 
ever extensive areas of granite have been examined with care, the rock has been found to 
pass gradually into gneiss or schist on its edges, or here and there throughout the tract of 
countiy composed of it. The only exceptions to the rule of the apparent contemporaneity 
of the granite and gneiss are in the granitic masses found associated with submetamorphic 
rooks in places. But the relations of these submetamorphic rocks themselves to the gneiss 
and its associates are far from clear. 

Veins and irregular masses of gpreenstone (diorite) are similarly found passing into hom- 
blendio gneiss. There are, however, in places trap dykes of later age contemporaneous with 
the Deccan traps or other outbursts ; but many of the dykes which intersect the ciystalline 
rocks ar%, evidently of very old date, because they do not penetrate the superjacent strata. 

It is quite possible that several series of rocks of widely differing ages are included in the 
metamorphic formations of India, and Mr. H. B. Medlicott has pointed out some facts in favor 
of such a division amongst the crystalline rocks of Bengal.* But until these have been traced 
out more completely than has hitherto been practicable, it is necessary to class all together. 

Metamorphic rorics cover a much smaller area in the Bombay Presidency than they do 
in most other parts of India. None are known to occur in Sind or Kachh,%ut north of the 
Ban of Kachh, they are seen at Nagar Farkar, and thence stretch to the eastward towards 
mount Abd, which is composed of them. They occupy a large tract in northern Kattidwdr, 
including Gimdr hill, which is their southern limit ; they are also found close to Palit&na and 
in the neighbourhood of Gogo, but the detailed geology of this country and of the regions 
to the north is very imperfectly known. Bast of the great alluvial flat which extends north- 
ward from the Gulf of Khambay&t (Cambay) metamorphic rooks of a highly granitic 
character occupy the country about Idar, and occur throughout a considerable tract around 
Godoa and Ghota Udepdr in the Eewa Kanta, but they are covered up by sandstone and 
trap to the south, and nowhere in this direction reach the river Narbadd^ whilst east of 
Baroda, near Champanir, they are replaced by the other rocks to be presently described. 

From the Narbadd to the southward metamorphic formations are unknownf within the 
limits of the Bombay Presidency until the southernmost districts are reached, in which 
they again appear, and they occupy nearly the whole western portion of the Indian 
peninsula from this limit to Cape Comorin* On the oOast they emerge from beneath the 
higher formations just north of M61w4n, and nearly the whole of Sawantwadi, the (3oa 
terntory, .and North Kanara is composed of them, their surface being frequently concealed 
1^ thick deposits of latente. In the high table-land east of the ghdts, the southern part 
of Be^ldpn, south-eastern comer gf Kaladghi, and nearly the whole of Dhdrwdr consists 
of liipscibJ^ 

M l,... II II.. - - - I 

anrr.,^ of India, VnL n, 40 . 
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SUBtfBIAMOBPHlCS— OHAMPARfs £bDB. 

The classification of such Indian rooks as are distingnished from the gneiss and its 
associated formations by partial or total absence of metamorpbism, and yet are of greater age 
than the Viudhyan series, is extremely imperfect* It is nncertain how &r the various local 
groups represent each other, and to what extent any or all of them are the less altered 
of the true metamorphio rocks. 

The only known occurrence of these submetamorphio rocks within the Bombay area is 
near the ruined town of Champanir at the foot of Pawfigarh hill, east of Baroda. These 
beds occupy an area stretching for about twenty miles east from the hill (which is of trap) and 
for a considerable but unknown distance to the north. The principal constituent formations 
are quartzites or rooks intermediate between quartzite and sandstone conglomerates : slates 
and limestones also occur in considerable quantities, and ferruginous bands, some of them 
chiefly consisting of magnetic iron ore, occasionally. The limestone is sometimes quite un- 
altered, but in places it is highly crystalline, and at one spot near the village of Kadwal, it 
contains fine crystals of actinolite. The most characteristic beds are perhaps the conglomerates, 
the matrix of which is a coarse sandstone, containing pebbles and rounded blocks of granite, 
quartzite, talcose slate and crystalline limestone, some of which, especially those of limestone, 
have a diameter of a foot or more. All the finer argillaceous beds exhibit cleavage, and 
some of the slate is so fissile that it might probably be employed for roofing purposes. On 
their southern boundary these beds appear to pass by gradual transition into the true 
metamorphics. ^ 

The relations of the Champanir group, as these beds have been provisionally named, 
to the other submetamorphio beds, remain hitherto somewhat obscure, but they are perhaps 
the representatives of the Gwalior series (see Records, Geological Survey of India, Vol. Ill, 
p. 33). From the Bijfiwar rocks of Banddlkhand and the Narbada valley they differ much 
in mineral character. 

II.— ViNDHTAN Series. 

The rocks to which the general term Yindhyan has %een applied from their extensive 
development in the Yindhyan plateau north of the Narbad4 consist of sandstones (occa- 
sionally so hard as to assume a semi-vitreous appearance and to approach quartzite in 
character), limestones and shales, and' are very often distinguished by a more or less pink 
or purplish colour, less frequently seen in the limestones than in the other rocks of the 
series. These beds are separated by a well-marked geological break, the evidence of which 
is found in extensive unconformity, from all the earlier formations. They are divided into 
two principal groups, an upper and lower one, the former of which, comprising the typical 
Tara sandstone, Kattra shales, and Panna sandstone of Dr. Carter, and the Bh&nrer, Rewfi, 
and Kaimur groups of the Geological Survey dassifioation, occupies an immense tract 
in Malw& and Banddlkhand, whilst the latter is only found here and there upon its ’'borders. 
Yery large areas in the M&hanadi, God&vari, Krishnfi, and Penndr vallies are occupied 
by sandstones and sandstone-quartzites, limestones and shales dosely resembling the 
Banddlkhand rocks in mineral character, but more nearly allied to the lower than to the upper 
sub-division. They are identical with the diamond-sandstone and limestone of the earlier 
Indian geologists,* and were included by Dr. Carter in his Oolitic series, together with the 
important formations hereafter to be menridned. Unfortunately, no well authenticated 
fossil, animal or vegetable, has hitherto been obtained from these beds, the few supposed 
organic remains which have been recorded as occurring in them being either of a veiy 

doubtful nature or else derived &om strata of later date. The g^logical age of the 

' ’# 

* The diamond sandstone, howevw, as described' bj Voyaej and Maloolmson, oomprisad foruiatb>n** which, have 
now been ascertained to belong to a series of maoh more recent date than the VindfayatM. 
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Yindbyans is thereftre obaoure, all that can be safely asserted being that they cannot be 
moA reoent than the middle pabeozoic rooks of Enrope, whibt they may be. oonadarably 
moreandent. 

*l%e Banddlkhand Yindhyan airea is entirely outside of the Bombay Presidency, its 
south-western corner being at Barwai in the Earbadd Talley, but the representatives 
of the same series in the Krishnd valley and its vicinity occupy a well marked belt, locally 
of considerable width in the southern part of the Presidency, intervening between the 
trap and ^the metamorphic rodcs. These beds appear on the west coast at Ochrd, a little 
north of Mdlwdn. They are well seen at the foot of the Phonda ghdt, and consist of 
hardened sandstone approaching quartzite, white, yellow, or pink in colour, and shales. 
The surface is very uneven, and had evidently suffered greatly from denudation of an irregular 
kind before it was covered by trap ; hence their distribution at the base of the volcanic 
series is very irregular. 

Above the ghAts the quartzites reappear in the south of the Eoldpur territory, and 
extend eastwards in a band of very variable width across the southern parts of the Belgdon 
and Kaladghi districts into the Nizam’s dominions. 

On its northern side this belt of country is bounded in most parts by the extremely 
ragged southern edge of the Deccan trap-area. To the south it is bounded for some 
distance by the trap, but after that by the northern edge of the great gneiss-area of 
Madras. A little east of where these rooks cross the Erishnd river, thirty miles east-north- 
east of Kaladghi, the continuity of the belt is broken for a short distance ; but another 
series of quartzites, shales, and limestones is met with at Mudebehdl, and stretdies away to 
the north-east into the Nizam’s territory to the neighbourhood of Gdlbargd. 

Xn the central part of the area around Kaladghi the quartzites are overlaid by a great 
thickness of limestones and shales; above these, again, comes a considerable quartzite 
series, which in its turn is overlaid by another set of limestones and shales. These different 
limestones, Ac., occupy a considerable area in the valley of the GatparbA, both east and west of 
Kaladghi. The limestones are generally subcrystalline and of various degrees of parity ; 
they are often highly silioioas, and many beds are very argillaceous — ^indeed often pass into 
calcareous shale. 

The lower quartzites are considerably tilted along the greater part of the southern 
boundary and form a fringing ridge, with an abrupt scarp, overlooking the gneiss area. 

The basement beds of the low^ quartzite series contain many very remarkable con- 
glomerate beds ; the induded pebbles being of buided jasper, quartz and felspar, derived 
from the gneissio series. 

Some few beds of jaspeiy bssmatite^schist occur in the lower quartzite series in Balgi 
ridge north of Kaladghi. 

Where the beds ore lying quite undisturbed and horizontal they have not assumed the 
chameter of quartzites, but are true sandstones, but, wherever disturbed, the metamorphosing 
efi^t of pressure has changed them into more or less perfect quartzites. Two of the most 
beautifril and interesting scenes in Western India— the falls of the GatparbA at GokAk and 
the " Naid TirSi” (the peacock’s batilffn the gorge of the MalporbA river near Mandli — ^are 
dne toihe position of the loinrer part of the qu^zites. 

\ deridi ^qiiartzxteSv which lies near MddebehAl eastward of^ihe break above referred 

to fre^ Kria%hi series in several important points ; the former consists of a thin 
. ba6etnd9,i'<beC of s^dstono oyerlald by shaly sandstones; and these agrin capped by 
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limestones ; tho whole, as far as seen near M ii<iebeh41 and T&llk^ nol^ esEceeding 200 feet 
in tiiidmesB. The Kidadghi beds are of far greater thickness ; the basement quartzites 
and conglomerates alone being many hundred feet thick ; over which comes a great thickness 
of brecciated quartzite followed by the two great limestone and shale series above described 
and the upper quartzites which divide them. 

The limestones also difiPer in character, those occurring at and around Tdlikdt being 
fine-grained lithographic limestones with few inclusions of chert, while those at Kaladghi 
are subcrystalline and full of chert both in laminse and in irregular nodular masses. 

From the differences above enumerated, it appears reasonable to conclude that the 
Mddebehal and Tdlikdt beds are not continuations of those around Kaladghi, but 
members of another, and from its lesser degree of metamorphism in all probability a 
younger system of rocks. This conclusion is strengthened by the fact that the quartzitic 
groups in the Madras Presidency are referable to two series— the lower or Kadapd series, 
probably representing the Gwalior series of Upper India, and the upper or Kamul series, 
representing the Lower Vindhyans. For convenience of description, the name of the town 
Kaladghi has been given to the series of beds occupying so large an area of the Gatparbd 
valley, and that of the BhimA series to the MddebehAl and Talikdt beds, as they are far 
more extensively developed in the valley of the BhimA river. The beds at the base of 
FhondA ghAt belong to the Kaladghi group. 

Above the Vindhyans there is found in Central India and BongpEtl a most important 
series of formations, to a portion of which the only coal beds worked on the Indian Peninsula 
belong. The various groups, including the Talchir, Damdda, Panchet, MAhAddva, &c., 
are largely developed in the Central Provinces ; but all disappear below the traps far to tho 
east of the Bombay Presidency, and none of them have hitherto been detected along the 
southern edge of the trap area in BelgAoh, DharwAr, and Ratnagiil. 

The absence throughout the Bombay Presidency of the coal-bearing Damdda groups, so 
widely spread in the Central Provinces and South-Westevn Bengal, is a serious drawback to 
the commercial prosperity of the country, and, coupled with the rapidly progressing des- 
truction of tho forests, threatens to leave a large portion of that Presidency as- destitute of 
fuel as the PanjAb and parts of Madras. There appears to be but little hope of the dis- 
covery of usefid coal in Western India in any large quantity. 

in.— O olitic Sbbies. 

The rocks of Kachh, first described by Captain Grant, have lately been examined by 
the Geological Survey. The formations below the trap occupy the northern half of the 
province and the hilly parts of the island in the Ban, and consist of two groups, the lower of 
which is distinguished by a prevalence of argillaceous beds, with which sandstones and lime- 
stones are intercalated, the upper group is marked by a predominance of coarse sandstone. 

The shales of the lower group vary in colour and consistency, and they sometimes 
contain gypsum. Ferruginous bands are less common than they are in the upper beds. 
Locally, fossil shells, always of marine forms, are common in these rocks. 

The sandstones of the upper group are white and felspathi^ except towards the base, 
whore they are brown in colour, and abound in ferruginous bands and nodules. Throughout 
the whole, but fitr more sparingly than in the lower group, shal^ are scattered, containing 
plant remaans, often fragmentary and undefined, but, when recognizable^ consisting chiefly of 
cycads and ferns. Some of the shales arc carbonaceous, and in a few localities, as at Trombo 
north of Bhdj, thin seams of coak have been met with, but none hitherto discovered havo 
been sufficiently thick to repay extraction. 
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These two gcoups, althoug^h contrasting in some respects, have much in common, most 
of the beds in each being similar to some in the other; nor can any absolute line of separa- 
tion be drawn between them. As a rule, the marine fossils are peci^r to the lower and the 
plaptts' to the upper group ; but exceptions occur, and interstratifications of shale containing 
plants have been found l^tween beds rich in marine fossils near Chaii in the lower group ; 
whilst, in the western pait of Kachh, bands with marine fossils are intercalated in the upper. 
It is evident, therefore, that both form a continuous series without any important break, 
and that they are not of different geological epochs. The age is shown by the numerous 
marine fossils comprising many species of Ammonites, Relemnites, Rleurotomaria, Astarte, 
Avicuta, Oervillia, Lima, Nucula, Opts, Ostrea, JPholadomga, JPlicatula, Trigonia, Rhyn~ 
ehonella, Terehratula, to be of middle and upper Jurassic age, some of the species being 
identical with those common in the same groups of Europe. The plant-fossils, on the other 
hand — ^including three species of Palesozamia, some conifers, resembling Brachyphyllum, 
Taxodites and Walchia, a Taniopteris, and a Sphenopteris — are for the most part identical 
with those found in the beds intercalated with the lowest beds of trap in the Rajmah4l hills 
of Bengal, and in some clays occurring beneath the cretaceous beds of the neighbourhood of 
Trichinopoly and at Srlparmatur near Madras. 

The whole thickness of the Jurassic beds of Eachh, so far as they are seen, has been 
estimated by Mr. Wynne at 6,300 feet, of which 3,000 may be allowed for the upper group ; 
but it should be borne in mind that this does not give the whole original vertical extent of 
the series, since their base is nowhere seen^ and their upper surface had undergone denudation 
before being covered up by the trap. 

, It is not known that the Oolitic formations occur in the Bombay Presidency and its 
dependencies beyond the limits of Kachh. Some representatives of them may perhaps be 
found in northern Katti&war or in the neighbourhood of Disa, but none appear as yet to 
have been made known. Dr. Lnpey near Jaisalmir (Jeysulmeer) found, in a well, some ammo- 
nites which Dr. Carter thought might be of Jurassic age, but in fact the geology of Western 
Kajputanfi and of the countries lying north of Kachh is very little known. 

IV. — Deccan Seeibs. / 

Lametd and Bdgh beds, — ^The next great series in ascending order is far more import- 
ant in Western India ^an any of those inferior to it in position, and it covers as large an 
area in the Bombay Presidency and its d^endencies as all other formations together. The 
greater portion is of volcanic ongin, consisting of stratified basaltic or earthy traps, but at 
the base of the igneous rocks, there is in the Narbadfi valley, a very interesting group of 
sedimentary beds, which, from their geological relations, must be classed in the same series. 
These are the cretaceous strata of Bagh, Chota Udepfir, and Bfijpipla. 

In many places to the eastward, there is found at the base of the traps a bed of impure, 
earthy or gritty limestone, frequently containing pebbles, and passing occasionaUy into a sand- 
stone or conglomerate. }t has been traced throughout a considerable portion of the 
Narbadfi valley and the country around Kagpfir. To this formation the name of Lamet4 
was given by Mr. J. Q. Medlicott from its occurrence at Lametd. gh&t on the Narbad4 near 
Jabalpdr, and it was at one time supposed to represent, in part, the massive sandstones of the 
Mihddeo hills around Pachmari. This has now been disproved, but it appears highly 
probable thai the Lametd.%ed is the equ^alent of the limestoues and sandstones of Bdgh, 

Whe^er this in&a-trappean formation occurs, its close connection with the overlyii^ 
traps is , The Lameti group is apparently of fresh water origin, having in all 

HkelihOOdf beon depomted in lakes formed by the damming up of vallies by the first flows 
of lava^ itja tbierefore similar in its mode of deposition to the inter-trappean beds to be 
|«j^fitly aptiSl. dossils are but rarely found in it; the few that have been obtamed are 
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fresh-water shells, reptiliaii bones (P) and wood. But although it is eyidently of different origin 
from th^ B6gh group, its siihilarity in mineral character to the uppermost bed of the latter 
is most striking, and there is also great resemblance in the conformity of both Lametd and 
B4gh beds to the overlying trap, although this character is less striking in the Bagh beds in 
consequence of local unconformity. 

Numerous small patches of infra-trappean rocks occur along the southern boundary of 
the Deccan trap in Belgdon and Kaladghi districts. They rest either on the Yindhyan or the 
gneissic rooks, and are invariably of small thickness, rarely exceeding 6 or 8 feet, and generally 
of even much less thickness. I^e beds consist generally of soft sandstones or marly sand 
with numerous quartzite and a few gneissic pebbles. The top of the beds just below the 
trap is most frequently stained of a rich red from the presence of red bole. In the only 
case, near Kaladghi, in which fossils were found in these infra-trappean beds, they were 
of fresh water types — Bhysa, Jjymnea, and Unio, It is still uncertain whether these are 
true representatives of the Lamet& group, or only local overlaps of the inter-trappeans. 

The B&gh beds consist of limestone or calcareous shales and sandstone, the former being 
almost always above the latter. The * coralline limestone,* which first attracted attention to 
them from the blocks in the ruined buildings of Mdndu near Mohu (Mhow), is a red 
or yellow rock mainly composed of fragments of marine shells and hryozoa. The source of 
the blocks at Mdndu was long unknown, but was in 1856 traced by Colonel (then Captain) 
Keatinge to Cher&kh&n, about twenty-five miles east of B4gh. This peculiar rock forms the 
highest bed of the group over a small area east of Bagh, but it is not seen near that town, and 
is only very imperfectly represented to the westward. 

At B&gh itself, 20 or 30 feet of nodular limestone rests on 80 or 100 feet of sandstone, 
which is in places conglomeratic and sometimes argillaceous or shaly. To the west in 
Alir^pur and Chota Udepiir, the mass of the cretaceous rocks consists of coarse sandstones 
and conglomerates, capped by gritty limestone or calcareous shales. In the Deva valley near 
Dumkhal in the northern part of the B4jpipla hills, a section of 500 feet of these 
calcareous shales is seen resting upon an even greater thickness of sandstones, but to the 
north the group becomes of much smaller dimensions ; like the Lametas, the uppermost beds 
frequently abound in chert. 

The traps in general rest conformably upon the Bdgh beds, but there is much local 
unconformity, showing that the latter had in places undergone considerable denudation 
before they were covered by the volcanic rocks. From the nature of this denudation there 
can be but little doubt that it was subaerial, and that the marine beds of Bdgh had been 
raised above the sea and subjected to the action of rain and streams before their surface was 
encased in the overflowing trap. 

The fossils found near Bdgh are unmistakeably cretaceous ; and Dr. Martin Duncan 
has shown that the Echinoderms found at Oherdkh&n are mostly identical with species found 
in the Upper Greensand (Cenomanien) of Europe. A few specimeQs are met with farther 
west, but less abundantly. The most common to the west are spedes of Ostrea, but teeth of 
Sharks, Pecten 4^co8tatu8^ and Hemiaster, also occur occasionally. 

In the lower Narbad& valley the cretaceous beds fringe ilie trap, and are occasionally 
exposed within the area of the volcanic rocks. The prindpal inliers to the westwards in 
the Bewa Kanta are near the town of Kaw4t, and a huge one ea^ts in the Deva valley in 
B&jpipla south of the Narbad&; whilst on the edge of the traps,<a tract covered by these beds, 
fourteen ^es long from north to south by ten miles broad, is met with a few miles south- 
east of Batoda near the villages of Wasn^ Talakw&r5, and Gandeshwar. 

8trat\fied -These rooks have engaged the attention of nearly all the geologists 

who have written upon Western India. Their thickness, peculiar appearaifbe, and extent 
render them the most conspioaous geological feature of the country. 



90 


JReeords of the Geological Survey of India. 


[VOL. V. 


Lithologically the trap rocks consist principally of various kinds of doleriie, rich iu 
ai^ite, the prevailing forms being compact basalt^ anameBitOf and more or less earthy amygx 
daloid. Two of the most oharaoteristio rocks are a porphyritic basalt containiiig tabular 
crystals of glassy felspar, and an amygdaloidal earthy trap abounding in smalf nodules of 
agate and zeolite surrounded by green-earth ; the latter of these is exceedingly abundant. 
Borne the amygdaloids contain great quantities of zeolites and allied minerals ; of these 
the most abundant are Apophyllite^ SHlbitet Heulandite, ScolecUe^ and Laumonite. 
Besides these Chahasite, Sypostilhite^ and Thomsonite occur, but they are rare, and I have 
once seen Prehnite. The Apophyllite is finer than at any other known locality, and of 
various colours, white, green, and pink. A great variety of agates and of other forms of 
silica, such as bloodstone, are also met with filling cavities or forming small veins in the 
rock. 

The traps of the trachytie group in which felspar predominates, and which may be 
recognised by their pale color, are mudi less common, and are in fact only met with in a 
few localities, as at Dharavi in Bombay Island, Powagarh hill, east of Baroda, Ac. They are 
usually ashy or earthy, but sometimes orystalline. 

The whole series of Deccan traps is regularly stratified in beds, or, to speak more correctly, 
flows, varying firom 6 or 6 feet to upwards of 200 in thickness. The average in two roughly 
measured sections on the railway-inclines of the Tol (Thull) and Bh6r ghd.ts is apparently 
87 and 64 feet respectively, but really less, because the distinction between any two beds 
can, in general, only be made out by mineral characters, and if, as frequently happens, two 
successive strata present no lithological differences, they are liable to be classed together as 
one. Many apparently massive strata of amygdaloid really consist of a number of separate 
flows from 6 to 10 feet thick, and it is doubtful if the average thickness of the strata exceed 
20 to 30 feet. 

A remarkable horizontality prevails throughout the j^ater portion of the trap area, the 
most important exceptions being in the Bajpipla hills, and the ranges immediately north of the 
Narbad&, in parts of the Satpfira hills north of Khandesh, and along the coast firom some 
distance south of Bombay to Dam&n. In these exceptional areas the dips are clearly due 
to disturbance subsequent in date to the consolidation of the rocks, for sedimentary beds, 
which must origfinaUy have been horizcmtal, have shared in the movement. It is thus clear 
that throughout the area the traps must have originally been very nearly level. 

Yet there can be no question but that these rocks are of volcanic origin. In many 
places beds of breccia are interstratified, which must originally have consisted of volcanic ash. 
Some are met with on the northern- part of the Bombay Island, at Sion hill, Palshachi hill. 
Flagstaff, and Bai hills, and more in Salsette, the caves of KanhaH being excavated in one of 
them. Several beds are out through on the Kamatkd ghftt on the road from Pdnah to 
Mahableshwar, and a very conspicuous instance may be seen at the lower gateway of the 
hiU fort of Singurh near Pdnah. Indeed with a little search similar beds may be found 
almost anywhere in the trap country. When weathered, the resemblance of these breccias, 
with their enclosed scoriaoeous blocks, to the ash beds of old volcanic cones is so exact that 
no doubt can remain as to thrir being of identical origin. The red bole which so frequently 
occurs interstratifiedr with the traps may also be an ash, as it is intermixed with scorise in 
places, but it sometimes bears the appearance of having been rearranged by water. It 
should not be foigOtten that the blocks wUoh were originally vesicular or sooriaceous are now 
amygdailmdidf ^ l^ows in them havhe^ been filled by.%filtration. 

But ivhilst the volcanio oris^ of the Deccan traps is unquestionable, Iheir horizontality 
and regi^Utrity of stetifieation render them very unlike the accumulations of volcanic rooks 
now forming In couiilaHICs In which igneous venfo exists and it is clear that the circumstances 
unider whkii the fisnner. w^ accumulated were widely different foom anything now known to 
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ocottr on tbo eaMs Bnr&ce. Another remarkAble ^stinotion in the apparent absence, thronghoat 
a great part of the area, Of any fod from which cnmnta of kva oonld have been poored 
oat. Of oborse eones of loose scorim would long since have been removed by denudation, 
and nudei of solid basalt would not easily be recognised amongst flows of Bimilar consti- 
tution. Still it is remarkable that so few instances should have been described. Unmistakc- 
able nudei exist in the lower Narbad& valley, some of them, as Met&penai hill south-west 
of Chota ITdepdr, consisting of trachyte ; and throughout a krge tract in the Bsgpipla hills 
the rocks are out up by immense dykes ; but still better examples of volcanic fod may be 
seen in Kaohh amongst the Jurassic rocks, one of them being the so-called volcano of 
Dinodar,* west of Bhflj. Mr. Clark also (Quart Jonm. Geol. Soc., 1869, p. 163,) 
states that a line of vents exists in the Konkan east of Bombay, and that largo 
numbers of dykes occur ; but whilst it is highly probable that there are volcanic foci in this 
direction, it is doubtful if any large portion of the Deccan traps have flowed from them, for 
the frequent occurrence (locally, it is true, not universally) of trap dykes, and still more of 
ash-breccia appears to show that centres of eruption must have been scattered widely over 
the country, and it is probable that closer search will show their existence. 

It is evident that the lavas were poured out in a very liquid state, and that they spread 
themselves in wide sheets of small depth over large areas of country. It is quite possible 
that the more earthy beds which form a very large proportion of the whole may have issued 
in the form of volcanic mud, not necessarily at high temperature* But the crystalline 
basalts were in all probability poured out aa lavas liquified by heat. 

Geologists generally have hitherto explained these peculiar phenomena by supposing that 
trap rocks simikr to those of the Deccan have been poured out at the bottom of the sea, and 
in taking a different view, which I do with some diffidence, I know that I am in opposition 
to all the best authorities and to some at least of my own colleagues. It is considered that 
lavas would preserve their liquidity longer at the bottom of the sea under the pressure of 
the water ; that they would consequently be spread over a large area ; that there would, for 
the same reason, be vesicular structure, but not scoriaceous, and that cones of scorise would 
not be formed, because the ashes and fragments blown out from the crater would be spread 
oyer the bottom of the sea. 

To this view there is one serious objection, which is, that some of the Deccan traps were 
Bubaerial or poured out in water so shallow that the pressure could not have affected them, 
and that these are undistinguishable from the mass of the beds ; whilst^ on the other hand, 
there is no evidence except the single occurrence of marine shells interstratified with the 
basalts near B&jdmahindri to show that any portion of them were accumulated beneath the 
sea. In the case of Bdjdmahindri there can be no doubt but that some of tiie traps are 
submarine, and there can be equally little doubt but that they were poured out in a shallow 
sea or estuary close to land, for the marine shells found are of littoral or estuary spemes, not 
of deep water forms, and freshwater shells are mked with them. It is equally clear that 
the bulk of the intertrappean sedimentary beds to be presently mentioned, wherever they are 
found firom Mundla to Bombay, and from Dewad (Dhawud) in the Bewa Kanta to tiie Sichel 
hills of Hydrdbdd, are of freshwater origin, formed in small shallow lakes, and that conse- 
quently the ^greater portion of the surrounding country, over whidi the kva flows were 
poured oul^ was dry land. 

Another proof that the lowest traps were subafirial is be found in the form of the 
surfrce on which they rest. This is excessively uneven, valleyB upwards of a thousand feet 
deep being found in it in {daces. This uneven surface can onl^ have resulted from subadrial 
denudation ; marine denudation, as has been amply shown, rednoes the area affected by it to 

' r— — ■ f — I, — . ' ■ 

*TjiQ lepCrtedenipilonor Thsis Is no traoq of any rocout , 

aotton DU tho hill, wlfiDh is not a yricaulo oono, bat a naoloos of basalUo roeb by deuadaUon, ^ 
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a piano. Had this anrfaoe, thus ftirtned by the action of rain and rivers, boon depressed 
beneath the sea before being covered up by trap, some traces of marine deposits must in 
places have xemained at tibie base of the volcanic rooks conformably underlying them. But 
nothing of the kind occurs. The Lameta beds are of freshwater origin, and the B%h 
beds, which are marine, afford evidence of having been raised above the sea and acted upon 
by streams and rain before the lavas overflowed them. Now, the bottom flows are frequently 
some of the most compact and crystalline met with; they are as widely spread and as 
horizontal as any of the others. The same is the case in Bombay Island with the topmost 
flows ; the basalt of Malabar hill, which rests on the freshwater shales seen at its base, is 
perhaps the most compact and most clearly stratified flow in the island, and that it must 
originally have been horizontal from Yaltikeshwfur to Warli, upwards of four miles, is evident, 
for it rests conformably everywhere throughout that distance on the sedimentary beds. If 
then the rooks at the base of the series throughout a large area, and those at the top at 
Bombay, are of subaeriol origin, and these beds are as compact, as crystalline, and as distinctly 
stratified as the intermediate flows,-if, in short, there is no lithological distinction between 
the flows which are proved to have been poured out on the land and the great mass of the 
beds,-it is surely iUogical to assert that the traps in general are submarine without adducing 
any other argument than their lithological characters. 

The whole thickness of the traps cannot be less than 5,000 feet, probably it is more. 
The time occupied in their accumulation must have been great, for the sedimentary beds 
intercalated prove large periods of repose, during which lakes were formed and became stocked 
with living animals ; and it is impossible to say how much of the interval between the Middle 
Cretaceous and the Eocene epochs was occupied in their formation. As before stated, they 
rest upon the Bdgh beds, which are of Upper Greensand age ; while upon them, after a break 
marked by great denudation, rest the Nummulitics, which are Eocene. 

So far as physical evidence is concerned, the break at the base of the traps in the Nar- 
bada valley appears less than that which separates them from the overlying Nummulitics near 
Sdrat. In Eachh, a group of ferruginous clays intervenes between the traps and the 
Nummulitics. For these reasons 1 am myself disposed to look upon the lower traps at least, 
and consequently on the freshwater beds of the Narbada valley and N&gpur, as probably Cre- 
taceous. But most geologists are inclined to class the whole of the volcanic series as Eocene. 

The traps cover the whole of the Bombay Presidency from the Narbada river as far 
south as the parallel of Qok in the neighbourhood of Belgdon and Ealadghi. North ,of the 
Narbadfi in the Bewa Kanta they occupy but a small area ending abruptly south of Ohota 
Udeptir. Powfigarh hill is an isolated mass ; and there is a larger tract composed of them 
around Dewad. A belt of them extends partly across Kfittiawar, and another, five to ten miles 
broad, throughout the greater part of Kachh, the dip being to the south. Traces may 
perhaps be detected ikrther to the westward, as at B/lnikot in Sind, but no absolute proof of 
their existence has been found. 

Intertrappean beds. — ^To these reference has just been made. The most important are 
limestone, calcareous shale, chert, and more rarely sandstone, containing in abundance remains 
of plants and freshwater shells, the most common being Rhgsa, Lgmnea, PaZudifta, Mela^ 
<&c. The beds containing these fossils have not hitherto been found more than 300 
or dOO.feet above tbe base of the traps. Each bed can i^arely be traced for a longer distance 
thanttoft^wi^ur and seldom el^SieedB StoSfeet in thickness; but successive beds are met 
with, ^t^ sometiinw as many as three sedimentary intercalations being 

me!t;:fith o^.s^ve the othrar, and often differing from ^h otW in mineral composition and 
in the fossils eoiitail^.,r ^at these beds Have been deposited upon the underlying trap, and 
that l^He overljdii^ ilow poured over them, is clear, because the upper surfiKies of the 

fiwrilurater bands are alvmys hardened and altered (though smnetimes to a very slight degree) 
^ and ^r base Is nnchai^g^i ' 
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In the Bombay Fiesidenoy, the only known localities for these ‘^Fhysa beds," as tlley 
have been called from the prevalence of that shell (they are the Tdkli beds of Hislop), are near 
Dewad (Dohud) in the Bew& K&ntd (Rogers, Quart. Jour. Deed. Soc., 1870, p. 118,) and in 
Western Kaohh, where they have recently been found by Mr. Fedden* of the Geological Survey, 
and near Ealadghi, where Mr. Foote, of the Geological Survey, discovered a thin bed of 
sandy marl lying beneath the lowest trap flow and the gneiss. 

Near Gokak, in Belg&on district, Mr. Foote found fossil Unios in a thin bed of sandstone 
resting on a flow of amygdaloidal trap, which forms locally the base of the trap series, 
and was poured out over the rugged surface of the gneiss. The sandstones overlap the 
amygdaloid bed in places, and rest directly on the gneiss. 

The intertrappean beds of Bombay belong to a very different horizon, being intei*calated 
with the very highest trap flows hitherto explored, and their fossils are distinct, with one 
exception (a species of Cypris)^ from those found in the lower group of sedimentary deposits. 
The Bombay intertrappeans are composed of shale, and are of freshwater origin, as is proved 
by their containing frogs, freshwater tortoiseSf’jjlC^j^Wc^ef, remains of insects, and land plants. 
As in the g^up near the base of the traps, there are in Bombay several successive deposits 
with lava-flows intervening. They have been traced into the island of Salsette, but not 
farther, probably for want of searching for them. 

The origin of these freshwater deposits is easily conceived. Flows of lava spreading 
over an uneven land-surface, out into hills and valleys by subaerial denudation, must have 
dammed up the valleys of streams and converted them into lakes. Other flows might fill up 
the first lakes, but by isolating fresh hollows would produce f^sh ones, for the flows, however 
liquid, could not have presented an absolutely plane surfiice, and the outbursts from diflerent 
foci must have crossed and dammed up the hollows between flows from the same crater. 
The absence of sedimentary beds in the centre of the senes may be due to the greater rapi- 
dity of deposition or to the peculiar climate produced by the wide spread of volcanic out- 
bursts and to want of rain. 

It is rather sin^^ular that fossils should be so much more common in the beds intercalated 
with the traps than in the Lametfis at their base, although such shells as have been found in 
the latter are apparently similar to those met with in the former. 

The traps and their associated beds have been treated at somewhat greater length than 
the other rocks on account of their great importance in Bombay, and the remarkable geolo- 
gical interest attaching to them. 

V.— Oldbb Tbbtzabt Sbbibs. 

The last of the great rock systems in ascending order is far less thoroughly known than 
most of those lower in the series. Although the abundance of oiganio remains found in it, 
foraminifera, corals, echinoderms, and moUusca in the lower beds, and bones of vertebxata in 
the higher, have attracted attention, not only in India, but amongst the palaeontologists of 
Europe, very much remains to be done before the sequence of beds and their faunae can be 
said to be properly known. It has been pointed out, and with every appearance of probabi- 
lity, that the fossil forms from Sind described in the ** Description des animaux fossiles du 
groupe nummulitique de 1* Inde " by M. M. D’Arohiac and Haime must have been derived 
from formations varying to a considerable degree in age, and it is highly probable that a 
thorough examination of the Sind rooks will show the necessity of sub-dividing them to a far 
greater extent than has hitherto been attempted. 

• The fros named JBosapirftt^a by Owen haa bem ahotm by Dr, StoUcaIca to be an Oxjfffhsgw^ The tortoise 
named Teaiudo Ztim by Dr. CSrteria Hot a Twtudo (ai indeed has been shown by Dr. Carter), but belongs to 
Smffi or some allied genns. 
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^ Jn iihe pvomt state of our knowledge it appears to be most in acoordanee with what 
iofbnBatbn we |K>Meia to include in the older tertiary eeries all the rooks in Western India 
«dx»ve th^ trap up to ahd including the beds of Perim aud the Siv&liks. It is true that Br. 
FaksoBegr has pointed out the connexion between the fauna the Sivdliks and that now 
living, and the absence of any great break in the chain of life ; and it is possible that when 
the In^n tertiary formations are better known, a different sub-division to that now proposed 
may be desirable ; but at present all that can be said is that the series as here pi^oposed does 
appear to exist in Western India, and that, so &r as is known, there is a break at its close. 

So greatly do the beds of the Tertiaries vary, and so little has been done towards their 
•correlation, that it is impracticable to describe them so g^^r^y as has been done in the case 
of the older formations ; and, in order to give a fair idea of them, it is necessary to explain 
briefly the succession of beds in the different districts in which they are found, commencing 
in eastern G^jrdt and thence tracing them across to Sind. The general Succession appears 
to be sandy and .argillaceous beds deposited in part in rivers or estuaries, and containing 
remains of land plants and animals at the and base, and marine beds, some of them 
limestones formed in deep water, in the midole of the series. This is esperially the case to 
the westward. 

SHrat and Bharoch, — ^At the base of the tertiary formations near Surat are thick beds 
of ferru^ous clay assuming, where exposed, the characteristic brown crust and pseudo- 
scoriaoeoUB appearance of laterite, from which they differ in no respect. These at first sight 
appear to be of volcanic origin, an idea which is strengthened by the neighbourhood of the 
traps on which they rest, but close examination has shown that they are really sedimentary 
deposits, although composed in all probabiliiy of materials derived &om the disintegration 
and denudation of the trap. With them are interstratified beds of gravel or conglomerate 
containing agate pebbles (the agates derived from the trap), and limestone, sometimes nearly 
pure, but more frequently sandy, argillaceous or ferruginous, and abounding in nummulites 
and other fossils, many of them identical with those found in Sind and in the Eocene rocks 
of Europe. » 

Above the limestones and laterite beds there is found a great thickness of gravels, some- 
tunes cemented into a conglomerate, sandy day and ferruginous sandstone, often nodular. 
These, contain fossils also, though not in such abundance as the lower limestones, and the 
species are diffbrent and perhaps belong to a higher horizon. Hitherto, however, they have 
not been properiy examined and compared. There is some evidence in ihvour of unconform- 
ity between the two groups ; the lower, wlueh is well seen about Tarkd^ar and Quia east df 

Sdrat, being apparently overlapped by the higher beds to the northward. 

These higher beds are but poorly exposed in the Tapti river near Gutta and Ea]^an> and 
in &e Kim between KImamli and Elao, but they are well seen in the stream which runs ' 
past Batanpdr • east of Bharoch. Here they consist chiefly of sandstonii|!jg;ravel, and conglo- 
merate. with oocasionai beds of red or white day and shales. The pebbles in the gravds and 
conglomerates are mostly of agate &d other quartzose minerds derived from the traps ; and 
frpm some of these beds frte osimdiass mid agates are obtained, whioh have from time imme- 
morial supplied the lapiddnes of Shambay&t. ' 

3^ jBqcene rocks m Bdrat and 'Bharooh form merely a fringe al^ ng the edge of the 
tin^i Are covered and conmpfed to the westward by alluvium. A few traces of 

«odth of the, ! but nom have hitherto been detected north of 

V 'rtnAs of Idand m the Qtdf of Ehamhayfit are isolated ; and 

th^ beloi^ ^ the group just described, or whether they are a 
H portlcdlrt^ a dtogetiit^, Ih j^^ respects they ' resemble the beds of the 
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Kim and Tapti. The inland is small and dat» and the foeks being horizontal, voi^ little is 
seen of them ; the most charaoteristio bed is a eoarse oonglomerate containing blocks of fine 
sandstone and agate pebbles. With these are intermixed large masses of fossil wood and 
bones of various mammals, some of which have been identified with those of Sivdlik species. 
Amongst the remains found here are Mastodon latidms, St$s, JDinotkerium, Bramathernmt 
and Camelopardalis, These mammals show the age of the beds to be Miocene. 

KditidAodr , — Ossiferous conglomerates like these' of Pen'm are found also on the 
Edtti&wdr coast near Gogo, though bones appear to be less abundant than at Perim. The 
conglomerates rest upon thick blue day. These beds extend as a very narrow belt along the 
Kdtti&war coast to the neighbourhood of Gopn&th. Here they are replaced to a great 
extent by mottled clays and coarse rubbly limestone, fossiliferous in places, upon which rests 
a fine-grained oalcareops rook known as milliolite, which apparently marks a higher horizon 
and will be described amongst the later Tertiary beds. 

The rubbly limestone and day is not fossiliferous near Gopn&th, but b^mes so farther 
to the west. !l^om Safirdbdd to Patan it is concealed by milliolite ; but still more to the west- 
ward it is exposed in places and abounds in Eocene fossils. 

Kachh . — The Nummulitic rooks and their associates are only found in the western part of 
Kachh, being overlapped by higher beds east of the neighbourhood of Mandavi. At their 
base, however, are some variegated clays and beds of laterite which have a much wider 
distribution. These beds are conspicuous from their brilliant contrasts of colours, red, purple, 
and white, many of them being highly ferruginous. They sometimes contain pebbles of 
agate, and upon them rest coarse sandstones and red, brown, and white shales with impressions 
of land plants. The thickness of this group varies from 20 feet to about 200, increasing 
towards the north and east. They appear in general to rest conformably on the traps, and it 
is possible that the lowest beds which have in places a very ashy appearance may have been 
formed before the termination of the volcanic action to wMch the subjacent traps were due. 
This at least is Mr. Wynne’s opinion. Nevertheless these clays as^ laterites locally, as at 
Mharr and near Lakhpat, overlap the whole of the traps and rest upon the underlying 
jurassic beds, a circumstance which appears rather opposed to their being really conformable 
to the traps. 

Upon these variegated clays, in the western part of Kachh, rest conformably fine 
laminated shales, containing plant remains in places, and pyritous and bituminous towards 
the base. The fossils both in these beds and in the variegated clays are chiefly leaves, endoge- 
nous and exogenous. As will be seen presently, these pyritous shales and richly coloured 
clays with plant fossils are well developed in Sind. 

The general section of the Nummulitio beds in Kachh above the plant beds is the 
following, as abridge from Messrs. Wynne and Fedden’s report 

DBSCBKDIirO SBOHOV. 

Ft. 

1. — Clays and shales occasionally sandy, with hard bands of 

shaly limestone or of marl, and a few sandy and 
oongbmeritic beds. The upper portion highly fbsriU- 
ferous ... ... ... ... SOO to 1,^00 

2. -^Sandy shales, mottled white or ferruj^oui^ irregularly 

bedded, with impressions of leaves ••• 100 

Dun^soloured and blue silty days and shales, wiGi 

minute crabs ... ... .•• ... 30 

8. — ^Nummulitic marls and limestones — ^Fossils numerous ... 700 

4.— Gypseous shales andmarls, wiGi&ram]nifera,oyatec8,dtc. 100 
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l^ese not regularly interatratified ; some of the divisions are of local oocuirence, 
Ko. 2 • being only found on the flank of the Gaira hills, and a few other places, while No. 4 
is also deioient in places. The thickness given is approximate only. 

The nulnmulitic group, No. 3, consists of pale, yellow, and white argillaceous limestones 
with some sandy beds and shaly marls. The massive and compact nummulitio limestones 
of Bind do not appear to extend to the westward. 

The aigillaceous group. No. 1, is the most important of all in Kachh, and it contmns 
the greatest number and variety of fossils. It perhaps represents the clays and limestone of 
E!4tti4w4r, and it may be the equivident of the gravels and conglomerates of Ratanpdr 
near Bharoch. But it is from clear that this is the case. 

West of Enchh the delta of the Indus makes a great break in the belt of tertiary 
deposits bordering the coast, and when the rocks again emerge from beneath the alluvium in 
Sind, the border groups of India have been left behind, and the great nummulitic limestone 
tract entered, which extends from the Himalayas to the Mediterranean. In Sind itself no 
rocks older than the Tertiaries are known to occur, hut to the west in Nelat, mesozoic and 
palsBOzoic strata have been found by Dr. Cook, which are probably a continuation of the beds 
known to exist in the Salt Bange. 

The frUowing general section of the beds in Sind is given by Captain Yicary 

1. — Conglomerate. 

2. — days and sandstone. 

8. — Upper bone bed. 

4. — Sandstone — ^fossils rare. 

5. — ^Lower hone bed. 

€.*<!oarse, arenaceo-calcareous rock, with Cytherea exoleta? and C. exarata, 
Bpatwngi, no nummulites. 

7<— Pale arenaceous limestone with Hiypontces, Nwmmlites and Charoidem. 

S.^Nummuld^ limestone of the H&ld range. 

9. — Black slates — ^thickness unknown. 

Probably a thorough examination of the country would produce some important modifi- 
cations in this list. What the black slates No. 9 may be it is difficult to say from Yicaiy’s 
description, as he does not refer to them frirther, and it is doubtfril if they occur within ^e 
limit of Sind. 

Beneath the limestone of the H414 range and of Kotru (Kotree), which appear to bo 
identicid, there is a great thidrness of variegated sands and days containing leaves of plants, 
and in one or two places small lenticular beds of lignite. These beds undoubtedly represent 
the somewhat similar formation below the nummulitio marls and limestone of Eachh. A 
tough classification the Sind rocks, so fisur as they are known, may be ^i^^empted thus 

DxsoxirniKa sbotion. 

1.— Conglomerates, days and sandstone with fossil bones; (Nos. 1 to 5 of Yioaiy). 
These are the equivaldits of the BivAfik and Perim beds, and are known to 
be of Miocene age. 

9»'**Iame8tone, more or lisCjpure, paraing into sandstone and of variable character 
. (ft 7, and 8 Yicary.) Toward the base are massive beds of white Ume- 
\ s^ne of great thickness abounding in Alveolim, a small spheroidd fora- 
It is highly probable ihat frirther examination will show the 
; ^ r^eoi^ty of sub-divid^ this group, 

sands and gypa^ous days, with remains of plants. ^ 
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At Eaf&chi itself the only rocks seen belong to newer beds than any of those now 
described, but to the north-west near ICagar Pir an impure limestone is^met with, containing 
numerous mollusoa and operculina, but nummulites are scarce if they occur at aU. From 
Karachi to Kotru (Kotree) various forms of nummulitic Hmestone cover the country. Near 
Kotru itself white compact limestone with AlveoUna is found, whilst to the westward, a 
considerable area is covered by the variegated- sands and clays. Amongst these, north-west 
of Kotru, occurs the lignite of Lynyan, an attempt at mining which was once made. The 
quantity of the mineral was, however, found to be small owing to the rapid thinning out of 
the bed, and the quality was inferior. 

At Banikdt, a gorge in the Eri hills, twenty miles west of the Indus at Magendan, and 
forty-five miles north-west of Kotru, about 1,000 feet of massive alveolina limestone rests 
on 1,300 feet of varie^ted sands and clays, at the base of which trap is seen. Whether this 
trap be intrusive or not has not been ascertkined ; it appears stratified and is slightly amyg- 
daloidal. Of course, the occurrence of igneous rocks below the lowest of the rocks known to 
be associated with the nummulitic limestones recalls the similar association of variegated clays 
resting upon traps, these unmistakeably belonging to the Deccan.series, in Kachh ; but it has 
by no means been definitely ascertained whether the trap in Sind is a representative of 
the Dcccan series. The Eri hills, are an outer ridge of the H41& range and terminate to 
the north at Sewan. The Hald range stretching along the frontier is said to be entirely 
composed of limestone. Further to the north, and to the north-west of Sewan, conglo- 
merates and sandstones of Siv&lik age with mammalian bones are found along the flanks of 
the main limestone ranges. The greater part of Upper Sind is an alluvial plain. 

Ijoterite of the Decctm , — Although the age of the laterite found locally on the crest 
of the Sah 3 *adri and in the southern MaiAtha countxy is extremely obscure, there appears 
some probability from its mode of occurrence that it should be referred to the older and not 
to the newer tertiaries. Its occurrence in isolated caps on various hills appears to indicate 
that all now seen is merely the remnant of a formation once far more widely spread, and its 
striking resemblance to the beds already mentioned as occurring in the Nummulitics of Siirat 
renders it possible that the two may be of the same age. 

Laterite is essentially a clay strongly but unequally impregnated with iron peroxide, 
to which it owes its deep red colour, which, however, is far from uniform, the surface of a 
freshly broken fragment being veined and mottled with different tints, from white to deep 
rod. Sometimes the appearance is almost that of a breccia from the angular white frag- 
ments enclosed. In some places, as at Bidar, the rock is intersected by small irregular tubes, 
lined with hydrated peroxide of iron, but these are not always present. The surfSGtee has 
a very characteristic appearance, being very irregular, owing to the washing away of so mudi 
of the clay as has not been impregnated with iron, and being covered with a glazed ooating 
of hydrated iron ppoxide or brown hssmatite. In the newer forms of laterite (for the rock 
is of various ages) grains of quartz and small pisolitic ferruginous concretions are usually 
found in considerable numbers, but in the rook which occurs at high elevations in the Deccan 
these are often deficient. 

Of the origin of this singular rook but little can be said. In consequence partly of 
its peculiar pseudo-sooriaceous appearance, and partly of its occasional passage into decom- 
posed trap at its base, it has by mSny geologists been classed with the volcanic rocks. But 
it has never been found intercalated with traps, and it is met with interstratified in tho 
sedimentary Eocene strata ; moreover, its conformity to the trappean flows is only apparent, 
since the same latorite is found in some places resting on traps much lower in position than 
in others, e. y., at Mahableshwar and Panchgain, it rests upon flows very high in the series, 
while at M&therdn and Khanddla it is found on much lower beds. It is therefore fairly 
evident that the Deccan laterite is a rock of aqueous- origin and newer Ilian the volcanic 
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ftom ilw artrito* t/L whidi it i* pwbsbly fiwnwd ; but ^ wliat pc^ 

Sil^Zfl«hbe ofniMiiie. fluTiriifc,or .nhaSrial «rigb-^ ert«^y to 

^ «» Wbh. ag ii fiwqiienfly the caoe in highly ferraginom looki, no fiwib we 

ftii^init.'' , , _ ifi. 

has atemarkaWopowerof re8i*tiiigdifflnteg»tion,amd wlie»T«f 0 0 ^of rtw 

hill the lowT growid around, if suffidently flat, ia covered with a thi^ coating 
of I t — ddbria. The iron waahed ont of the Interite tende always ip change ^ 
SLSLed ««’'» as trap or gneiss, beneath it into a anbstenoe so 
the itself that tiiere is generally an apparent passage from one rock to the other. 

YI, ^Uffbs Tebtiabt and bboent bbbb. 

Of these rocks, Kke the last, the islassifioation as yet is most imperfect ; indeed ^e Une 
J*a«n5naLe nlao^i Iwtween them and the bedstesoribed in the last section is quite arbi- 
Sr “t is po£. and even probable that some of the formations here indnded m each 
may ultimately have to be plaok in the otiier series. 

TTimw XbrUarv hede <if ZdttUiedr.— Along the coast of the K&tli^ penins^ a 
fine po^ ooZoZ rock i^ura, which is widely known as miUiolite, or Porbandw ston^ 
and OTorted under this latter name to Bombay for building puposea. It was found by 
Thf oi^ who examined it, to consist of minute foraminifMa mth a fe w grama of qua^ 

A V 'KIavi^a This rook varies much in mineral character in different places ; near Gopnath 

BBoh miwd wiUi day. It m ewfywtww .twragly iMrl.4 >»y “"8^ 
or felso bedding, showing deposition by currents. 

Except the foraminifeta the only fossils hitherto found have been P^« imvlaris and 
eome otha recent species of land shells which Mr. xUbald obtained, ^e occurwnce of 
these shells is the prindpal reason for plaring the bed amongst the n^erTertianes ; alftougb, 
tZ^ZLg forms said to occur also in the Sivfiliks, 1^ eriden<» must not be con- 
sidered as co^urive. Of the thickness attained by the milholite nothing trustworthy is 
recorded. It is found throughout nearly the whole south coast of K&ttiowar. 

Upper nniariee of Kackh.-In Kachh, there is a higher subdivision of the 
beds £fly developed to the westward, that is, in that part of the proving in which the 
S Series meeting, and apparently unconformable to the latter. The followmg ,s 
the eeotion given by MesBrs. Wynne and Fedden 

Desoendinq. 

Yariable deposite, indnding concrete beds of great thickness. 

Soft sandstones, Bheny,oal8aroous and quarteose grits, graveU and conglomerates with 
trap pebbles and agates. 

Brown sands and sandstones with fossil wood. 

The tiiidtness varies from aOO to 600 foet. The only distinguiBhablB fossifo ^ some 
large oysters, whidi site met with in the thick obliqudy huninated concrete rf tte u^ 
sronp. These qystors closely resemble the speries now Uving on the oowt of “ » 

not at aB dsw wb«i<h« this concrete rej^tiwaits the millioiite of K&ttiAw&r, or .the sub-recen 
to be hereafter ddsaibed. 

^ r*oer.oafi^s.-^In parts of the Narbadd and GbdAvari valleys 
wravdis containing bones of extinct mam ma li a much more near y 

tiMfin are the spedes fbtmd in the Siv&lihiSii In the Narbada, ® 
Bvc .liteen far jhoro fWly Explored than any others, the bones belong to 
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<£' MlephaSi SippopotamuSf Equun^ Bos, ,Cerms, associatod with fluviatile 
shells of* existing species. The age of these beds is bjr St. Falconer considered to be 
Pliocene. 

A skull belonging to Elephaa Ndmadicua, one of the Narbad& species, molars of Eos, 
and some other bones have been found in the banks of the God&vari near Paitan (Pyton) on 
the<jroad from Ahmadnagar to J&lnah ; and . in the same gravel a well-marked .agate flake, 
which has every appearance of human manufacture, was obtained by Mr. Wynne in 1865. 

There is eveiy probability that these bone-gravels are dispersed over a large portion of 
the country, and enormous quantities of bones have been occasionally exposed in the Godd- 
vari valley.. An elephant's tusk was exhumed sqme years since by Dr. Cook near Satdrd, 
and during the present year (1871) information has been received of the discovery (in Bigar) of 
a rhinoceros skull by Mr. Foote in the v^ey of the Gatparbd near Gokdk. It is singular 
that no fossils have hitherto been obtained &om the Tapti valley in Khandesh. 

Swfface gravels of The plains of lower Sind to the west of the Indus and in 

the neighbourhood of the Hold range are covered over to a considerable depth with gravel, 
composed of limestone and sandstone pebbles derived from the hills. In places torrents 
have cut through thick accumulations of these beds. ^It is evident that these gravels con- 
sist of detritus carried down by the wash of rain and streams ; but from the denudation they 
have undei^one in places portions of them must bo of considerable antiquity. No organic 
remains appear to have been found in them ; but they are worthy of closer examination than 
they have hitherto received. 

Laterite of the JToMlran.-^The laterite of the western coast is of later date than that 
of the Deccan ; and its derivative nature is proved by the occurrence of sand and small 
pebbles ; yet, except in being more sand^y* it closely resembles the older rock, from the detritus 
of which it may bo partly derived. It occurs as a thick bod capping the traps and forming 
a plateau at a general elevation near^ Batnagiri of between 200 and 300 feet above the sea. 
It had once covered the whole countxy ; but numerous ravines have been cut out of it by 
streams. At Batnagiri there is a bed of white clay containing remains of plants below the 
laterite. 

The mode of formation of this rock in the Konkan is nearly as obscure as in the 
Deccan ; but its position in this case renders it more probable that it may have been origin- 
ally a submarine formation, deposited at a period when the Konkan was at a lower level and 
the sea washed against the cliffs of the western ghdts. It is not easy to say whether this 
really was the case, but there is no improbability in it. The deposit may have been greatly 
changed by subaerial action after its emergence. 

Laterite is not found far north of Batnagiri, and near that place only extends about fif- 
teen to twenty miles inland. It extends further towards the foot of the ghd.ts near Fhonda 
ghfit, but in Sawantwari is again limited to a band ten to fifteen miles broad. It covers a 
considerable area in the Goa tenitory. 

Patches occur at a lower level scattered over the country ; but these consist of a kind 
more mixed with gravel and sandstone. The peculiar character of this r^k and the tendency 
of the detritus from it to reconsolidate must always be borne in mind when examining it. 

, Mluvium ef Sind^ Eachh cmd GhSgrdt, — ^In the nortli-weslbem part of the Bombay 
Presidency there are extensive alluvial plains to which, in a sketch of the geology of Western 
Indiai a' few words must be devoted. The sands and clays which they consist are 
river-valley and delta d^osits, washed down by the streams, and accumulated in the lower 
portions of their coarse and at their mouths. By far the most important of those compose 
the gr^t plain extending to the east from the Indus# 
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A glance at tbe map will show that from H&idaribad in Sind to Ahmadab&d in Gdjrat 
is an almost unbroken flat. This flat is the south- western extremity of the great plain which 
stretches across Northern India and comprises the vaUeys of the Indus and Ganges. That 
this was at one time an open s^ is suggested partly by the line of division which it 
fotms ‘between the two entirely distinct geologi^ provinces of the Indian peninsula and the 
'Himllayas, partly by the Tertiary marine beds which fringe so large a portion of its edges. 
The high grounds of Eachh and KiStti4w4r are surrounded on all sides by portions of this 
flat or by Ihe sea. 

There appears much probability that the conversion of this vast area into land has been 
duo in great measure to the silt, sand and gravel brought down by the various streams and 
rivers which emerge from the Hirndlayas and Bildchistiin on one side and from the Indian 
peninsula on the other. The process has doubtless been gradual and is still in progress. 
Locally, elevation may have aided, but, on the %hole, there is probably at least as much 
reason to assume depression to have been the prevailing movement of the suifluse. 

TThe lUn of Kachh appears to have been an inlet of the sea which has been gradually 
filled up by the silt deposit^ from the streams which enter it. . This tiact of country is still 
in a debateable condition, being covered with water in the south-w^t monsoon, when the floods 
brought down by the Bands and Loni, and by the small , streams of Kachh, are forced 
back by the waters of the Gulf of Kiushh and the old Kori mouth of the Indus, raised above 
tbeir usual level by [the force of the south-west wind, whilst during the remainder of the 
year the whole region is dry land, except in patches. There is a tradition that, at no distant 
period, the Ran was a navigable inland sea ; and the appearance of its shores, with the occur- 
rence of subrecent marine deposits, confirm this idea, although the period of its conversion 
into dry land remains doubtful, iihe evidence of the discovery of old boats being confined to 
localities which may have been covered with water after the greater part of the region was 
dry land.* Formerly it is probable that the eastern branch of the river Indus discharged 
itself into the Ran, and the quantity of silt deposited hiay have been much greater than is 
now the case. 


On the eastern side of K6.ttiaw&r the Gulf of Khamb&yat is also said to be silting 
up. The evidence as to the . rapidity of the process is not conclusive, but it may fairly 
be assumed thskt a gradual extension of the coast is taking place. On the east of the gulf, 
the Sabarmati, Malu, and NarbadS., the last being one of the great rivers of the Indian 
peninsula, all discharge themselves ; and the quantity of silt and detritus brought down by 
them must be very great. 

That the Gulf of Ehambajat once communicated with the Ran is probable, as a belt of 
low land, including the braoldsh marsh known as the Nal, still connects them. Mr. Rogers 
(Quart Jour. Geo. Soo., 1870, p. 118) has pointed out that while the black soil of 
southern Gfljr&t is probably derived from the neighbouring trap rocks, the light-coloured 
alluvium to the northwards may have been brought down by tbe rivers flowing from countries 
still further to the north ; and he has speculated on the possibility of tiie Indus having once 
discharged its waters in this direction. 


;Xi]evation may also have played its part in the conversion^ these alluvial tracts into 
dry ground ; and there is better reason for suspecting its action hkm timn farther to the 
n0:%wiu!d| iat, along the soutiTooast of K&tti&w£r marks of a comparatively recent rise 
' ^ In a MS. report by Mr. Theobald, written in 1868, mention is made of the 

and s^ulse on the foundations of an old building beside a creek at 


> m nld of aar MS north ^ Kw)i)i by fho Buddhlst-GbinMe tmreUen of the semih 

Geography of Indls,Tol. I,p. 308. 
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P&t&n, ^hiob are now only reached by high floods ; and dead oysters, evidently quite recent, 
wore fondd in various creeks and especially in one at Porbandar, 20 feet above the level at 
which they now live. The evidence collected by Mr. Theobald appeared to show tliat a rise of 
10 feet had taken place in the course of the year 1856. The changes of level in tlio Ran of 
Kachh during the earthquake of 1819' are well' known, but in that instance, elevation of one 
tract was accompanied by depression in another. The vast expanse of water which Sir 
A. Bumes found around Sindri in 1828 has, however, now been mainly reconverted into dry 
land ; and Mr. Wynne in 1868 reached the ruins of Sindri fort from Kachh on a camel. 
This change appears due to the deposition of silt, the cause to which may be attributed 
the conversion of the whole Ran into a land area. 

Alluvium, besides occupying the delta of the Indus, the Ran of Kachh, the southern 
coast of the same province, and a large tract extending northward and eastward &om the Gulf 
of Khambdyat, covers nearly the whole of Surat district, and occupies a considerable proportion 
of the country to the southward, forming plains which, near the coast, intervene between the 
trap hills as for south as Bombay. It appears probable that some of the hills in the Northern 
Konkan have been promontories or even islands in the sea, and it is recorded that within his- 
torical times the hills of Bombay island were unconnected with each other. Their union has 
been due partly to artiflcial means, but chiefly to the accumulation of sand and silt. Unques- 
tionably, unless man interfere, or some great change take place in the configuration of the 
countiy, the harbour of Bombay, the sole survivor of the inlets, which must once have been 
numerous, must be gradually silted up in the course of age. But as no stream of importance 
enters the harbour, the process is not likely to be so rapid as to cause serious concern as yet 
to those interested in the commerce of the port. 

JOittoral concrete.-^An agglutinated calcareous mass of shells and gravel is found in 
many places along the coast. Some is seen in Bombay island, the <^planade consisting of 
it, and a part of the fort being built upon it ; it also occurs at Mahim and in places on the 
shores of the harbour. To the northward it is met with here and there as farinas Dam&n ; 
it may show slight elevation of the coast line, but the amount of rise is very trifling. 

Upon the milliolite of Kdttidw&r the same formation is much more largely developed. 
It here assumes the appearance of a calcareous grit, containing marine sheUs and corals, and 
occasionally attaining a thickness of 60 feet. The species of animals found in it are, so far 
ns is known, identical with those now inhabiting the coast. The evidence thus afforded of a 
recent elevation is an addition to that previously quoted. 

Black soil . — JSoils scarcely enter into the geology of a country, as they are simply the 
surface altered by exposure, organic agency and agriculture, but it is impossible entirely 
to overlook the widely spread •‘riigar”^ or "cotton soil.” This is a black, grey or brown 
loom, varying much in character; tenacious and adhesive when wetted; light, crumbling 
and intersected by cracks when dry. It is found throughout the trap area, being in this 
instance a product of the decomposition of the volcanic rook, and every step in the passage 
from one to the other may often be witnessed in smaU roadside sectionfl. It does not, 
however, follow that all soils derived from the trap are black, nor that no black soil is 
produced by the decomposition of other rooks. Red soil is often seSh within the trap area; 
and true cotton soil, inferior in fertility, however, to that produced by the volcanic formations, 
is met with in Southern India, in the Kaveri valley for instance, in a country which there 
is no reason to, suppose ever contained trap. A very similar black alluvial deposit forms 
in the back-waters of the coast. 

"Rigar,” in short, appears to be a more or less argillaceous soil, impregnated with 
orgsiuc matter* 
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In the preceding sketch no attempt has been made to write a geological history of the 
country ; for that purpose far more data must be aooumnlatod than are at present available. 
Very much remains to bo done before the geology of Western India can be said to be even 
tolerably well known. Of the rocks in many parts of this immense area, no descriptions 
exist except occasional notes collected by travellers ; and even in the portions to which the 
Qeological Survey has been extended, the examination has, in many cases, been but partial 
and preliminary. There is yet a wide field open to the geologist and naturalist, and there 
is no part of India which will in all probabilify more thoroughly repay careful search and 
enquiiy than the Bombay Presidency. The chemical and lithological peculiarities of the 
trap formations and the minerals contained ; the fauna and fiora of the intertrappoan beds ; 
the multitude of organic forms in the Nummulitic rocks of Qujrdt, Kachh, and Sind ; the 
mammalian bones of the Mio(*one and Pliocene conglomerates and gravels ; — all promise 
a mass of important discoveiics to any one who will devote time and labour to their 
investigation. 

W. T. BLANFORD. 


DONATIONS TO MUSEUM. 
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— ^The following mistakes escaped notice in the first part of thp 
present volume ; — 


fage 18, line 

8, from bottom, /or Haematite 

read Tremolite. 

» 20, „ 

3, 

say 

vary. 

n jf 

12, 

„ chrysolite 

„ chrysotile. 


89, 

„ and crystalline 

„ to finely cryst. 

w W 

4, 

„ starry 

„ strong. 

« w 

8, 

,, falls 

„ fuses. 
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Notes on a Celt found Mb. Hacebt in the ossirsBons deposits of the KabbadX 

Valley (Pliocene ^Falconeb) : on the ase of the deposits, hy Mb. H. B. Meducott ; 

on the associated shells^ hy Mb. W. Tbeobald. 

The celt is formed of Vindhyan quai^ite, such as might be procured at any point along 
the northern edge of the valley ; it is of the pointed oval shape, 6" X 3"i, of very symme- 
trical outline (see figure) ; and, although rather roughly chipped on the faces, it is unques- 
tionably a manufactured article. Mr. Hacket dug it out himself from where he found it 
lying flat, and two-thirds buried, in a steep face of the stiff, reddish, mottled, unstratified clay, 
about six feet above low filter level, and abo^t. three feet below the upper surface of the 
clay, upon which 4&ere rested about twenty feet of the gravel with bones. From the edge of 
the cliff of gravel, there is a steep slope passing up; thr'bu^ the ravme ground, so common 
along the Wder of the main liveT dumnels^ jko the general level of the plains, at 00 to 100 
feet a.b6ye the level of the Narba^.' ^e locality is on the left .bank df the'li^arbadd, near 
the village of Bhutra^ jaight miles due north of (^adarwara. 

The aye of the osl^srous depositsj^n bringing forward an authentic specimen of 
hu|n||n>manufaotare.^^^^ the ossiferous d^bsits of the l^badd valley, some expression of 
opMou be evpe^j^f^nof geobgists in India regarding the age of those well-known beds ; 

so beeaus0 a hame has been already applied to them by ' a high authority, implying 
ad^lji^'Vniy .maoh mpre remote than that of any human remains as yet found in other coun- 
tries. : I^iL all questions relating to the determination of vertebrate fossib. Dr. Falconeris 
judgment oarries great weight. In India he has not as yet had a competitor in this line of 
research ; and even in Europe he took a leading part in same studies, connected with the 
inquiry into the antiquity of mau. Hd determined a number of fossil bones finmi the Nar- 
badd deposits, and invariably spoke of them es pliocene. 

In 1868, the Superintendent of the Geological Survey described in these Records (Vol* I, 
p. 66,) an agate ffske, or knife, found by Mr. Wynne in the ossiferous clays , of the God&varl 
valley, which he afiSlkted to like deposits in other partie of India. In tins connection Fal- 
coner's views were quoted at length by Dr. Oldham tp a tone of high approval, without any 
lH^ression of dissent or of question as to the matter of age ; and thus at least a tacit assent 
and a fresh lease of life was given to the opinion that these depiosiie belong to the pliocene 
age of gecdogists, the name being used by both authors ih the oouddent expectation that 
these deposits, would yield evidence of man's existence. I db nqt pretend tl»t the question 
of age can be finally, aetti^ now ; but it is important to point out that the opinion quoted ia 
not weU founded. 
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l?or those who are not posted up in such matters, it is wdl to point out the considerable 
^istorieaL license that is taken in this application of the name pliocene* In the accepted 
l^eologidail nomendatnre the tertiary formations end with the newer pliocene. Although the 
post^teriaary period is as nothing compared with the preceding geological ages, it still 
represents a great lapse of time, for an estimate of which we ate entirely dependent upon 
geological evidence. After passing the recent, or prehistoric, period, in which all the animals 
are Of existing species, we get into the post-pliocene, or pleistocene, period, in which a 
variable proportion of the mammalian remains are of extinct species ; and according to the 
•distribution of these extinct mammalia, the deposits are arranged into late, middle, and early 
pleistocene. Nearly aU the old river-gravels and cave-deposits with the human remains, 
about which so much has been published in the last few years, belong to the late pleistocene, 
or, as it is sometimes called, the quaternary period ; this name being sometimes also used as 
lequivalent to the* whole pleistocene, and preferably so in my opinion, as distinctly marking 
its post-tertiary date. Thus it may be said roughly that the oldest human remains in Europe 
^idy take us about half-way back in that post-tertiary time. Almost the whole of the 
glacial period, — during which England was in great part submerged, and the glaciers of the 
^ps filled the great valley of Switzerland to high up on the flanks of the Jura, — ^intervenes 
hotween those ossiferous vall^-gravels and the newer pliocene, or even the early pleistocene. 
Some supposed evidence of human remains has been brought forward from pliocene strata in 
England, and even from miocene beds in France, in the. form of perforated shells, scratched 
and split bones, and veiy rudely-chipped stones ; but the correctness of these interpretations 
has been denied by competent and quite unprejudiced judges.* It may, therefore, be said 
that from the stand-point of existing information, the genuineness of human remains from 
pliocene strata, or the true pliocene age of strata containing human remains, would call for 
particular proof; or, not to disguise the point, supposing (as seems almost probable) man to 
be an exalted chimpanzee, it is quite an open question whether the change may not have 
oocurred in post-tertiary times— so little posirive is still our knowledge of geologic time 
and of the method of organic evolution. 

Even some geologists seem to need to be reminded that the tertiary period and its 
sub-divisions are based upon the testacea only, upon the proportion of living to extinct 
species of fossil shells, not of fossil remains in general. The fitness of this limitation was 
guaranteed in the first instance by ilie judgment of its distinguished author; and it has 
been justified by the universal adoption of the classification based upon it. It is with no 
small astonishment, therefore, that we hear of the grounds given by Falconer for caUing the 
older deposits of the Indian rivers pliocene. Alter telling us (Pal. Mem., Yol. 11, p. 644), 
on the authority of the Geological Survey, that the shells are all of existing forms, although 
in somewhat different proportions to those now inhabiting the Narbadfi valley, he adds . — 
'*ln designating the formation as pliocene, which 1 have done during many years, 1 have 
"^'been guided by the indications of the mammalian fauna, as intermediate between the 
miocene of the Irrawadi, Ferim Island, and the Sivalik hills, and that of the existing 
period." That is, he takes upon himself to use the word pliocene in a sense quite foreign 
to that in universal use. The difference noticed here in the relative strength of the molluscan 
species in the Uving and the fossil stages is nothing like so great as that in the post-pliocene 
deposits of Europe. For the living relations of some of the species, even in the late pleisto- 
cene di^posits of England, one ha^io go to the Mediterranean or to sub-arotic waters. !|||ie 
w%de cff FiJconer^s position is phujed upon the TOftTamaliftTi fauna. The act is thus 

eitljee e driiberats attempt to revolutionise the mea nin g of part of our best established 
gecdloipicll^ nomex^tixre, or else the wori pliocene is applied in a more abstract sense, im- 


* Osltioe, mar t»o reserred preiiiiit upon ^ mioc^esge of Hr. Calvert^s fowU drswiags. 
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plying that these deposits in India belong to the age of the pliocene of Europe. Falconer 
cannot he acquitted of the grave error involved in the f<»rmer position ; and one scarcely 
knows whether the error is aggravated or palliated by the fact that his judgment was here 
influenced by his temper. It is painfully evident in his later writings that he took a pleasure 
in ignoring and crossing authority of Sir Charies Lyell. It was not only to Indian 
deposits that Falconer applied his independent criterion of dassification : upon the evidence 
of the fossil mammalia he designated the well-known pre-glacial forest-bed of Norfolk 
as pliocene, in defiance of established usage (loc. cit., Vol. II, pp. 190, 586). One need hardly 
say that his attempt has been by common consent ignored. In a veiy recent note upon 
the classification of the pleistocene deposits. Dr. Boyd Dawkins points out the very marked 
difference even of the mammalia of the forest-bed from that of the pliocene (Am. Jour., 
April 1873). 

The hint thus given to geologists in India is a very strong one ; and the matter would 
scarcely have been worth notice but for the apparent sanction recently g^ven to Falconer's 
words. We are in a manner bound to reject Falconer^s criterion as such; and it only 
remains to be seen whether in some non-regulation sense the NarbadA deposits, and with 
them the old alluvium of the Gangetic plmns, can be of pliocene age. It is of course 
conceivable, albeit in contravention of the harmonies of nature so fitr as known, that the 
mammalian fauna might be very strongly in favor of the position taken up by Falconer. 
Although the fossil shells all belong to species now living in the neighbourhood, the mamma- 
lian forms might (at least in argument) be of such antique types as to bear down the 
standard of the shells. Nothing of the kind, however, is the case. Falconer repeatedly 
insists, on the one hand, upon the perfect .distinctness of the NarbadA fauna from that of 
the SivaUks, and on the other hand, upon its strong affinity to living forms. He speaks of the 
NarbadA fossils as ** in time only a little ahead of existing species" ( op. cit., Vol. I, p. 21). 
He nowhere says that the NarbadA fossils are in any specific sense pliocene; but only, with- 
out any attempt at precision, that he calls the deposits pliocene because the mammalian 
fauna is intermediate between the miocene of the Sivaliks and that of the existing period. 
It is a great testimony to the authority of Falconer’s name that an innovating opinion, 
without even an attempt at defence, should have met with any consideration. 1 do not, 
indeed, presume that Falconer’s statement of age has ever received much countenance from 
students in Europe or elsewhere ; but since an apparent approval of it has been issued by a 
high authority in India, it is well, on so fitting an occasion as the present, to examine the 
merits of the case. 

As regards fossil man in India, Falconer’s speculations were based a good deal upon 
biological assumption and geological misconceptions. It is not quite certain thpit d priori 
the oldest marks of intelligence ikat can be called human are to be looked for, as Falconer 
tells us, ** in the great alluvial valleys of tropical or sub-tropical rivers." If the analogy of 
historical times may be taken into account, it would not be under conditions favorable to 
nakedness laziness that we should expect oontrivanco to be bom. We may indeed 
find the most monstrous form of the ape in the deposits of tropical regions ; but it may 
be quite possible we should look for the earliest trace of humaniiy in the' regions now 
most fiiivourable to its development. 

^ Mixed up with Falconer's mythical, biologioai and physioo-geographical speculation upon 
the cradle of the human race in India, there is frequent very vague mention of geological 
conditions; and here we come upon his weak point. It is an excellent example of a 
confusion very commonly made— showing how a may be in the first ranks as a 
palseontologist, and in that sense a' geologist, and ySt possibly be a very poor gwlo^t 
in the sfricter and primary sense of .the word. AHhough Falconer’s deu instinct 
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of obsemdon led him to the broad conolusion that the ^valik strata were formed of 
debris eonyeyed throngh the ezistiog mer-ohannels ( op. cit.» Yol. 1, p. 8 ), and deposited 
along the base of the mountains, it may almost be said that he nev^r made a geological 
observation in any particular sense of the action. The most amazing instance of this ap- 
pears in the explanation he gives of the absence of lakes along the base of the Himalaya, 
as compared with the Alps. He tells us (op. cit., Vol. II, p. 650,) that for ten or twelve 
years he puzzled over this problem on the ground ; yet he accounts for the absence of lakes 
along the base of the Himalaya . by there never having been glaciers to prevent the silting 
* up of the basins. The absence of the basins themselves seems never to have occurred 
to him, although all the Himalayan rivers are rock-borne torrents in the region of the 
missing lakes.* 

As more directly bearing upon the point before us, it would seem that, in the absence of 
such conspicuous evidence as the marine boulder-drift of Europe, separating the ossiferous 
valley-deposits from all the tertiary formations, Falconer failed to observe the very marked 
stratigraphical features that do occur. He speaks of there being no break visible in- the 
tranquil succession of deposits; that "the present physical o^er of things, modified only 
by alterations of level, by upheavement and depression, could be traced back in an un- 
broken chain to the ossiferous strata of the valley of the Narbadfi and of the Sivalik hills’* 
( op. cit., Vol. II, p. 576, and Quar. Jour. Geol. Soc., London, Vol. XXI, 1865, p. 386) ; 
he constantly speaks of the Sivalik hills as "an upheaved portion of the plains of India.** 
All this is exceedingly inaccurate and misleading. I have added many proofs to at least one 
point of Falconer’s description, that of the distinct connection of the Sivalik deposits with the 
present local mountain-features ; but the most cursory examination reveals to the geologist 
great gaps in the series of deposits. At Hardwar, a place well known to Falconer, the 
old alluvial day of the plains is found resting upon a deeply denuded susface of vertical 
topmost Sivalik strata. The relation is stratigraphically similar, and probably nearly his- 
torically corresponding, to that of Loess of the Bhine to the Molasse of Switzerland. There 
is full evidence, too, that the glacial period was sensibly felt in these regions : in the Eangra 
^ valley, where a range of considerable elevation ( the Dhaoladbar) occurs close to the edge of 
the low hills, I found unquestionable glacial erratics scattered over a surface of the Sivalik 
formations, at a present elevation of 3,000 feet above theses (Mem. Geol. Sur., India, 
Vol. Ill, p. 155). I do not doubt that if we could fetch up a meridional slice of the 
Gangetic plains, we should find deposits representing the whole interval indicated ; and it 
is not improbable that the series may yet be picked out from outcrops in different parts of 
India. What I want to show is that the two terms of the series we now have hold of— the 
old Gangetic alluvium and the Sivaliks— are very wide apart ; and so, that the Sivaliks 
being oldet pliocene or upper miocene, the other may be ever so recent. 

If we make any attempt to gauge the age of the old alluvium from the other side, 
we are led pretty much to the same result. All purdy geologfical computations are 
estimates of work dooe; and we have the immense advantage of knowing that the 
opeiatives never idle, or never even take rest. The final appeal for the antiquity of the 
htnhan remaiiw in the valley-gravels and oave-depouts of Europe is not to the little-known 
laws and conditione regulating the extinction of species, but to the mechanical work done 
the features of the*(|eountiy, in excavating iride vall^, or in laying out broad 
the date of those remains. It is quite true that the result here, too, 
I# within T^de limits ; that the independent variables of the problem, 

' ^ tWnk vpcm^whoseolMwr^l^ilon Sir Oharles Lyell could havo adopted gncih a view as this, 

**'- *jjj**'^ ^ 81 S]L The puasle !s now deared up, If fi^r Charles, as Falooher supposed, 

wfthcut Stoowiedgmliit, h* did not ahrare sain by the transaction. 
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while largely affecting the result, can only be Indirectly conjectured, for instance, a change 
of levele would greatly affect the eroding and depositing power of rivers ; or a change 
of climate and of rainfall, with perhaps the addition of severe ffost, would have a liko dis- 
turbing effect upon the work done, without our being able to assign the amount of those 
by-gone conditions. But taken all in all, reliable indications, and comparative, if not actual, 
measurement can be made. 

The Narbada valley, meaning that broad area of the river's course from where it 
leaves its gorge in the trappean plateau of Mandla near Jabalpur, to where it enters its 
narrow gorge through the Yindhyan quartzites below Hosungabdd, is about as unfavorable 
a case as one could select to exhibit symptoms of change. It is a rock-basin, a valley 
excavated chiefly, if not entirely, in crystalline and slaty metamoi^hic rocks, between two 
plateaus of little-disturbed sandstone-formations, the Yindhyan on the north and the 
M&h&ddva on the south, and converted into a rock-basin by some oscillation of level. It 
would seem that the change was not rapid enough to produce a lake, for in all the sections 
now exposed coarse gravels occur. As soon as this basin had received the charge of deposits 
due to this change of level, and supposing no further earth-movement to occur, the change 
of features to what we now find would depend upon the eroding power of the river to 
lower the rim of the rock-basin, and thus gradually to bring under denudation tlie deposits 
it had 60 lately laid down. If then we could fix the maximum thickness attained by the 
deposits, and also the rate at which the river can lower its gorge of discharge, we could 
assign something like actual dates for the successive phases both of denudation and of 
deposition, on this supposition of normal conditions, without interference of crust move- 
ments or other occasional forces. The process is now going on. The river at least cuts faster 
than pluvial denudation can work in lowering the general surface, for its bed is now 
some 80 to ^100 feet below the level of the a^oining plains. There is nothing to suggest 
that the depth of the valley-deposits ever much exceeded what we now find. The plains 
deposits never extended into the valleys of the Sdtpdra, some of the minor streams from 
which are still accumulating materials upon the deposits of the main valley. There are 
nowhere any signs of high-level deposits, along the borders of the basin, whether remnants 
of a former phase of denudation of the actual valley-formation, or (like the ossiferous gra- 
vels of Northern Europe) remnants of deposits formed in a more ancient shallower rock- 
valley. The ossiferous beds of the Narbadd seem to be simply a member of the last and 
only valley-deposits, which have now for a long period been undergoing denudation. But 
I know of nothing to suggest that the change from deposition to erosion supervened at a 
time much prior to the ‘ recent’ of the geological scale. 

The only debateable stratigraphical point upon which a stand might be made, is 
whether unconformity occurs, indicating a generd and possibly a great interruption of 
deposition between the ossiferous beds exposed at or near the present level of the river 
channels and those above them. I have examined many sectiona with a view to testing this 
supposition, but I have failed to confirm it One often finds local unconformity — coarse 
gravel upon a weathered surface of stiff clay; but these are no more than must occur in 
the normal process of formation of river deposits ; and most frequently it is impossible to 
detect any bretdc in the section. The fossils, moreover, occur largely in the gravels above this 
supposed unconformity, without any sufficient grounds for supposing them to have been 
washed out of the clays. Thus, then, there is nothing like a corresponding amount of 
evidence for work done here since the age of these bones^ as there is in Europe for work 
done since the formation of the ossiferous gravels and cave-dieposits ; although the permanent 
staff of operatives is much more powerful in the foymer case. Every season there occurs in 
the Narbadd a rise of from 40 to 7Q feet, with a stream of great force. It is, as 1 have 
sud, impossible to make an exact comparlsoiii^ on accoitot of. the undetected influences that 
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. may have been at work on either aide to accelerate or to retard. I only wiah to point out 
that there is no presumption, either palaeontological or meohanioal» that these Narbadd depoaita 
are older than the late Pleistocene. 

If we turn to the great Gangetio valley, the old alluvium of which Falconer ranked 
with the Narbad& beds, the physical arguments lead us to a like conclusion. Here we have 
not to deal with a rock-basin ; and the conditions are more appreciable. In the upper part 
of its course the Ganges cuts a broad abrupt valley, 60 to 100 feet below the level of the 
adjoining plains. In the lower region of the plains the denudation has taken a wider 
sweep ; the old alluvium has for the most part been removed, isolated remnants of it only 
being found; and those, at least towards the modem delta, are being enveloped in the 
encroaching deposit of its alluvium. On the whole, the features of denudation in the Ganges 
valley seem to imply that this action was brought about by the subeddence of a former 
delta of greater extent than the present one, not by an elevation of the mountain region. 
Along the upper edge of the plains, the minor mountain-streams are still masaing deposits 
continuously over the old alluvium ; and in some of these recent torrential acoum^tions a 
fossil Hindd village has been dug out. If we now turn to our comparisons, it is evident 
that the signs of change and of work done here are nothing like so great as that recorded 
of the Bhine and the Danube in their valleys within post glacial times. Or absolutely, 
even stretching to the utmost the legitimate assumption of comparative stabilily of condi- 
tlox|B in India, we can hardly reduce our estimate of the necessary duty of such a river as 
the Ganges, during the period allowed by a minimum computation for the lapse of time 
since the glacial period of Europe, to the amount of work I have indicated. So that here 
again the opinion obtrudes itself, that these old ossiferous alluvial deposits are not more 
ancient than the late Pleistocene. 

From the description given of the implement-bearing lateritic gravels of S&them India 
by my colleague Mr. R. Bruce Foote (Quar. Jour., Geol. Soo., London, Vol. XXIV, p. 484, 
1868, and Mem. Geol. Surv., India, Vol. X, 1872), I should think they may be as old as the 
Narbadd gravels. 

H. B. MEDLICOTT. 

July, 1873. 


sMls of the ossiferous deposits , — ^The shells Mr. Hacket has placed in my hands 
for determination are all of them speries, known to occur in the ossiferous gravels of the 
Karbad&, a list of which is contained in the Memoirs of the Geological Survey of India, 
VoL II, page 284 They are all of them in the mineral condition observable in the shells 
from these ossiferous beds, and some of them are embedded in the ordinary matrix of many 
of the fossils of the group, a gravel strongly cemented by lime. 

The most numerous and characteristic shells are Uniones, of predsely the same species 
ai^d varieties as those now living on the spot, and it may be incidentally added, that no 
moilusoous species is known to be included in these ossiferous beds which is not now living 
in the valley, though many species now living, have not as yet been detected in the gravels, 
which is a fhot not without interest when the revolution is considered which has been 
wrong^ the veortebrata sinee the days of the Hexaprotodon and Tetraprotodon, 

wMq^ ,nuns6i!^ other pacd^yderms, proboscidians, and ruminants, then roamed over 
Oe^bl. and ^^ted with man for mastery in the primeval world. 

'JlsiOCiiilited with tJniones, occur also Bulimus pullus, Gray; Melania tuberculata, 
Mfilh; Baneri^a Lymnma acuminata, Lam. (P): and a Corbioula, pro- 
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Three species of Unio occur in the colkotion, U. KAB0iirAi:.is, Lam. ; U. CiEttotEtTs, Lea ; 
nnd IT. itioBBUOATiTB, Mull., which lest embraces four distinct races, usually classed as species 
by most authors, but which, after some study of the Indian forms of the group, I incline 
rather to treat as local and permanent races, thereby reducing within manageable and natural 
limits the crowd of shadowy species, with which the literature of the group is burdened. 

U. MAB0IKALIS, Zam» * 

This species is not uncommon, but is not so finely developed in proportion, in the ossi- 
ferous gravels, as the others, neither does it seem to occur quite so well preserved, nor to 
obtain the same weight of valves as in the other species, in which respect it simply agrees 
with the same species now living, which never displays any considerable thickening or 
calcification, under any conditions, however favorable. A perfect example, not fully grown, 
measures — 

Breadth ... ... ... 57) 

♦Length ... ... ... 29 > Mills. 

Thickness ... ... ... 19 j 

Allowing for slightly broken edges in the fossil, those proportions closely accord with the 
living shell which I give from Manbhoom — 

Breadth ... ... ... 61 ) 

Length ... ... ... 31 > Mills. 

Thickness ... ... ... 18 j 

A second specimen from these beds, which may be considered fully adult, measures 93 
mills by 43. 

U. CMBULBUB, Lea, ^ 

This species attains to a superb development in the ossiferous gravels, and merits nomi- 
nal recognition, since it does not quite correspond with any variety hitherto separated. It 
may stand as var. Namadicus, Theob. 

Two perfect examples measure respectively — 



a. 

h. 

Breadth 

66 

46) 

Length 

... 31 

24 [ Mills. 

Thickness 

23 

17) 


A precisely similar form is now living in the Narbadfi, and differs less, from the type of 
the species, than some other races in other parts of India do. It agrees generally in the 
form of the teeth, in shape, color, and sculpture, save that each character is heightened in the 
Narbadfi form. The lateral teeth often dbplay a cameous tmge, and the sculpture of the 
valves is not only stronger than in the type, but covers a far greater area, both on the valves 
and their posterior slope. A very similar form, though departing more from the type as 
regards shape, inhabits the Kistnd valley, where it attains a breadth of 60 mills— ^the type 
measuring only 43). 

U. OOBBU0AZUB, MVitU 

It is a great pity that the type of that species of Unio, which seems to unit^^e greatest 
number of races in India, should be so ill characterised, difi&nxlt of identificatbn, and appa- 
rently, with a good series under view, so aberrant from the more strongly marked forms, 
which strict' zoologicid argument requires should bo united to it. On this subject I would 


Leastb is measured si right angles to a line tangentisi to the ventral margin. 
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refer to Mr. Bla&ford*s contribatioiis to Indian MBlacol<^y in tile Journal As. Soc., 
for 18^, page 13A which contain a highly useful and condensed paradigm of 
our Indian Uniones. 

Mr. Blanford is undoubtedly correct in saying that ^ both Lamarck’s and Chemnitz's 
types (of Corrugatus) are quite distinct from Benson’s TJ. favidens, which has been confounded 
with them," but with a very large series before me, I consider that this distinction is a 
racial one, not a specific one. 

Ifthe rules of priority would have permitted it, I should have preferred, as the more 
natural course, to have taken Benson's U. favidens as the type of that species round which 
so many races or sub-species cluster; but as this cannot be, F. favidens must stand as a 
race perfectly separable, but still only a race of the wretched, ill-nonftshed U. corrugatus, 
Miill., for the epithet “ tetusra ” applied to any of the forms of this robust species, stamps it 
as an abnormal individual, impoverished by unfe,vorable local conditions, and subjected to 
deficient or imperfect alimentation. 

That the utmost diversity exists between the races which I unite under U. corrugatus 
may well be, since without pretending to anything like a complete knowledge of all the 
forms of this species throughout its entire Indian range, there must still be admitted sixteen 
separable races, exhibiting very variable degrees of difference from each other; even after 
excluding U, Icevirostris of Benson as a synonym of U, NdgporeTisis, Lea, and uniting 
Nagporensis, Lea, with Wynegungensis, Lea, with which it is essenti^y identical, or too 
trivially distinct to be separated, judging from a large series of both formsT 

U. COBBUGATUB, Mull, 

1. Yar. triembolus, B, 

This form occurs very fine,'Tx)ih living and fossil, in the NarbadA. 

A fossil specimen measures — 

Breadth ... ^ ... 66) 

Length ... ... ... 40 V Mills. 

Thickness ... ... ... 26 ) 

and I have no living specimen which quite attains these dimensions. 

2 . Yar. Wynegungensis, Lea. 

A stout trigonal and elongate fbrm, which approaches the U. leevirostris, JB., seema 
equally common with the last, and passes into it. 

A fossil sperimen measures — « 

Breadth ... ... ... 73) 

Length .;. ... ... 39 V Mills. 

Thickness ... ... ... 27 .1 

And in this case also I have no living specimen which equals these dimensions, my largest 
. specimen of this type from the Eistnd only reaching 60 mills. 

3. Yar. Indica, Sow. 

^is wdl marked form ocours both living and fosril; one of the last collected by 
Mr. H^ket measuring— 

# Breadth ... ... go) 

V Length ... ... 27>Mill8. 

: ^y’^cfeness - 19 J 

ffliie, is^n^ a ,1ar^ as *a fine recent specimen fi?om the Narbadfi only measures 
,64, ,3l i|i^* Sb is mainly confined to the Karbad4> though I have it also recorded 
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4. OomgB/ttBM^ ll&U» 

Th« preceding forme pane intx^ one, wiikfo in the jroong state closely approaches the 
type, save that it is a stouter shelL 

There is, moreover, no foaty ae e^^ards the sculpture on the valves, so for as the extent 
covered by it, stiU the general focies is that of the type, which, according to Mr. Blanford, 
would seem more common in Southern India than in the Gangetio^ basin. A fowil specimen 
measured—* 


Breadth 



... *27) 

Length 



... 20 > Mills. 

Thickness 

... 

000 

M. 12 ) 

1873. 
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Note on we BabIkabb (.coal-icbasubbs) iv the BBnDSDANOi^E Field, GoDXvABf 
District, 6jf William Kinq, b. a.. Deputy Superintendmt, Geological Surcep 
cf India* 

Hie question as to the existence of coal in the GUid&varf District, and indeed in the 
Madras Presidency— 'for the area under consideration is the only known one of coal-bearing 
rocks in the Britisit texritozy to the south of the God&vari river— is still as full of obscurity 
ms it was when 1 drew attention to the Beddadanole field last year. I have had, during 
this season, another opportunity of examining the ground most closely, but without success ; 
and this search was so close that it does not seem possible that any outcrop of coal will 
ever be foimd by surfoce searching. Any fiirther exploration must, therefore, be made by 
boring, and 1 am not without hope that coal may then be found. 

2. The most important point, and in fact the only tangible one to be relied on, is that 
the rocks of the Beddadanole area are Bardkars ; that is, they belong to the lower member 
of the Dam^dX Series, or the ooal-bparmg rocks of India. It is true that no seam of 
coal is visible, hut this does not at all necessarily imply the non-existence of coal. 

3. To tiy and show that coal may exist in this field, I shall compare it with other 
adjacent fields, that to the north-west, on the God&vari below Badrachellum ; and the 
Singareny coal-field to the westward, in the Nizam's dominions. In the first of these, 
though it was reported by Colonel Haig to Mr. W. T. Blanford that coal was said to have 
been found down there, no coal was to he found at the place ; indeed, the borings afterwards 
put down would seem to show that coal could not occur at the surface. At any rate, the 
rocks were seen to be Dam^dXs ; and borings revealed seams of coid. These are, however, 
not of much extent on the British side of the river, though they are probably huge 
enough on the Nizam’s side, as I have sinoe found that an outcrop of possibly the same 
beds shows at some twenty-five miles to the south-west. 

4 As xegaids the Singareny coal-field, I Ciau compare it more dosely with that of Bed- 
having likewise again visited it this season when it.is now l^iiig thoroi^hly ex- 
amined by Mr. Heenan, the Superintendent in charge of the Nizam’s coal-fields.. The only 
of outward drqfmstances, as regards the present enqmiy, between this and the 
Beddadanole field is, that ^al did show at the surface in the i^ormer, though only in the 
most fortuitous way. Otherwise, the series of rocks (Nrtrdkore) in each field are identioal 

• For tho informstion of KsturaUsts at home, 1 msjr as weU add that ibs KarbudA does not belong to the 
Ganxstio hiirifii. 
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in every i^y, ia their appearance, ccmstitation, and mode of occurrence. There are |deniy^ 
of outcrops of rook over this Singareny area where one might expect that seams of coal, 
if th^ existed, might appear at the surf^; but such is not the case ; there is only the one 
large ** pot-hole’* hollowed out in the low ridge of sandstones in the bed of the river with 
the ^ seam of coal showing at the bottom. Nevertheless, since the borings have been put 
down 1^ Mr. Heenan, not only has the first found seam been traced in other parts of the 
area, but three more have been struck, one above my seam and the others below. So that 
here we have a field with at least four seams of coal, the lowest found as yet being a very 
thick one, and having its strata so laid down that all these seams ought to crop out at the 
surface, whereas only one is just exposed^ Outcrops of all the seams do probably exist ; but, 
as would be likely, owing to the coal being cut into and washed out at these places by the 
weather and the streams, they are either now covered up by sand and ddbris gathered 
between the exposures of the harder beds, or are hidden by the settling down of superin- 
cumbent strata. 

5. This concealment, or washing out of coal outcrops, may equally exist in the Bedda- 
danole field, as, it is hardly necessary to state, there are numerous spaces in the nullahs 
between the exposed rock masses which are filled in with rand, though, as a generiJ rule, the 
sandstones are very well and frequently exposed. Again, the lie or dip of the strata is very 
lowr on the average about 6° to the westward, and they undulate to some extent ; while the 
general surface of the area occupied by the Bardhars is flat ; and thus the sandstones 
have not been deeply cut into by the streams, so as to show enough of the strata. 

6. There is, besides, a physical feature of this area which seems to hold out some hope 
that there may be hidden coal. The field is traversed by a river of from 60 to 60 feet 
in width, which flows in the direction of, or with the strike of the strata, or along the 
outcrop, that is, nearly north and south, a course which, viewed with the rest of its route 
over the Kdmihi area, is somewhat exceptional. This course of the river may be due in 
part to the existence of a band of softer strata occurring between the sandstones which 
show at rare intervals on either side of the river. Indeed, I think there can be no doubt 
that there is a band or seam of softer or more easily^^wom strata covered up by the sandy 
bed of the river ; or we should have had rock crowing up at places in the channel. But 
boring alone will teU whether coal seams occur in this soft and denuded bed. 

7. The exposed area of Bardha/re is, unfortunately, not extensive, being only about 6^ 
square miles. It is covered up immediately on the western side of the field by the great 
series (KdmthiSf of Blanford) of red and brown sandstones, in which there is no ooal, con- 
stituting the upland country of Asharaopettah (Niaam’s dominions) and Jeelagoomilly, &c., 
(British territo^) to the westward. There must, however, be a good spread, equal in area at 
l^t to that exposed, of the BardXtUrs hading down underneath the £dmtkiip 1 am led 
to expect that this Kimthi extension is larger than 1 originidly thought, on account 
of the westerly dip and the great thickness (about 360 feet at least) immediately under the 
covering edge of the B^dmthie<, Also, as we may judge to some extent by the lie of these 
Ib^towards Jeelagoomilly, there is a roll ^ again of the beds towards that village, thus 
fitting a cyndinal or depressed ourvb of 0e' strata, indicative of an ancient valley, over 
pal!t pf trbi<fli the Beddadahole Bardkare vrere; deposited. This same valley bmeath the 

to have opened^^t sputh^easlwnrd^ leading to the inference that if the 
any diatanoe n^de^neath, they would lie d.qiyn this valley, rather than 

, of the posribly taige extension of the Bar^Jcars undemeath the 

^ tttOrth-west; for, as alrijady stated, I have lately 
iq^pi^ to be cropping put on the western edge nf the greet 
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Ji)llorexto>BadrM3i«llam spread of K4mtku at a point some tventy'fire miles sontli-west of 
the coal-field below Badraohelium, aid which may be an extension of that field. 

9. To summarise, 1 think it may be concluded — 

1st, — That there is a likelihood of coal from the fact that the sandstones of Beddadanole 
are of the Bardkar group. 

That there is some slight reason for suspecting that the Beddadanole river bed 
conceals coal outcrops. 

‘ Srd. — There is every expectation of the area, exposed and hidden, of the Bardkar s 
being at least ten square miles in extent, if not a great deal more, and that it lies in the 
British territoiy. 

So that, should it be decided to try the field by boring, and X would most earnestly 
recommend this proceeding on account of the above three conclusions, though they be laden 
with conjecture, the crucial bore holes ought to be put down near the right or western bank 
of the stream, where they will run to a depth of over 200 feet before the coal-bearing 
strata are pierced. One bore-hole at about half-way down the course of the river within 
the field would be almost sure to strike coal if ihere be any in the field ; though, even if 
this failed, another might be struck down about three-quarters of a mile further west, as 
the first bore-hole would only have pierced about half the thickness of the exposed field. 

Details as. to the character of the rocks, their lie, and the size and position of the field 
have been already given in the Records of the Geological Survey of India, Vol. V, 
part 4, 1872. 

GoDXvABf Distbict,) william KING. 

April ISth, 1873. 


Notes fboh a Pboobess Repobt on thb Geoloot of fabts of tab tTppBB Punjab, 

A. B. Wynne, f. o. s.. Geological Survey of India, 

The first two seasons during which the operations of the Geological Survey were extend- 
ed to the Punjab having been devoted to the examination of the Salt-Range, the following 
one was, by order, chiefly spent in rapidly reconnoitering the country surrounding the upper 
plains of the Punjab, both on this side and,, as far as possible, trans-Indus, in order to obtain 
a preliminary general knowledge of the complex geological features presented. 

At its dose lines of observation were carried throud^ the Hazara district, and a closer 
examination was made of the Sir Ban mountain region, close to Abbottab&d, which was found 
to afford an epitome of much of the geology of the Upper Punjab (see Memoirs Geological 
Survey, Vol. IX, Art. 3.) 

At the commencement of the succeeding season, that of 1872-73, the detailed working 
of the one-inch maps of the&wul Hddi district was taken up and carried on with one 
interruption, during which the Salt-Range was agiun visited, in order to obtain a special col- 
lection of its mineral products for the Vienna Sthibition of 1373. 

V^th the valuable assistance of Dr. Warth, Deputy Collector at the' Mayo Mines near 
Find Dadun Khan, a series of specimens of several maunds in wright was formed and des- 
patched to Calcutta. This included a block of rock-salt <ait pnrposriy from the mine, kbout 
two tons in weighty and amongst the others, a complete series of lai^ specimens illustrating 
the .geological structure of the part of the .range overloOkiug Find Dadun Khan, ; besides'* 
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SBTBTid siKHwemi o£ newly found mmerale from tho Mayo Mines, Budk Bg Glnuberite etfid 
Eie8eiite« mietiee of pae potarii salts, and others in oontbiiukticm with sulphates. • 

Spedmens ol the cubical salt of Kalabagh, the idunt shale, gypsum: containing quartz- 
oiystals, and gold sand from this latter locality, were also added to the oollectioa with the 
help of Mr. Wright, Collector of the Salt Bevenue, and Dr. Warth. 

At the same time efforts were made to obtain a block of trans-Indus salt from the mines 
of Bahadur Shel, which resulted in the addition of a 27 *maund block of this salt to the 
collection forwarded by Captain Flowden, Assistant Commissioner at Kohat. 

These two large specimms show the marked difference of colour between the clear white 
or reddish salt of the Salt-Range and the gray or dark-coloured trans-Indus salt. 

It was during the progress of the Vienna collection at the Mayo Mines that the disoo- 
T0iy of the potash salts was made, attention being called to their situation in the mines by 
the hardness of part of a band of * KuUur* or impure salt through which a drift was being 
excavated. On examination of this, the band of potash salts was found to be 6 feet thick, 
partly pure and partly mixed (sulphates, Ac.) ; but its further extension could not be at the 
time aacertamed owing to its situation, while there was little or nothing in the general 
appearanod of the potash nuneral to distinguish it from the ordinary salt. Specimens were 
immediately subjected to a preliminaiy analysis by Dr. Warth, but the crystallography of 
the new found salts was a subject unapproachable for want of proper instruments for mea- 
surement. It is hoped that some of the perishable crystals put up in glass bottles may have 
reached Vien^ in a state fit for examination. 

The deposit will probably prove interesting, as the only one known within British posses- 
sions, and may become very valuable should the importation of these high priced salts into 
Bngland from the Continent be interrupted. Dr. Warih suggests that it may eventually be 
found advantageous to work this deposit for the alum factories at Kalabagh. For shipment 
from India the transport of the salts would present no great difficulty by the wire-tramway 
from the mines to the banks of the Jhelam, and thence by water to Kotiee on the lower 
Indus or to Kurrachee. 

In carrying out the detailed examination of the Rawul* Pindi ffistrict eastward of that 
station, tiio hills were found to exhibit the relations of the ** saddstone and day” portion of 
the great outer tertiaxy belt, well known as the southern border formation of the geological 
system of the Himalayas. Here the lower^ red^ or Munrse (or Subaihu),bed8 pass upwards by 
alternations of red clays or shales and gray sandstones (locally distinguished by the Put^ab 
survey-pariy as the " red and gray” series) into softer gray sandstones with clays of a more 
orange colour, the highest beds being a thick group of incoherent conglomerate rooks, pre- 
viously known to exist on the Indus Mid at both ends of the Salt-Range proper, as well ae in 
some other places. In the generality of eases this oong bmerate group was found to present 
a gentle tranrition from the lower beds upwards ; the pebbles, ohiefiy of crystalHne rooks, after 
thrir first appearance increaring in number and size till the whole rock becomes a nmss of 
sfoaQ boulders dr large pebbles slightly hrid together an ineo|||iderable oaleareoua matrix. 

rook ia aeMom found hard enough its own outori^ and presents tiie greatest 

dittnilty ik diacosming clear sections, thonjg^ hills formed of it possess in their undulating 
psb^, qurfacea a oWacteristio whieh ibe conglomerate can be rooogniaed from long 

oonglomeistte gfWup, and indeed througboiit ihe whole of the 
portion of the tertiary tookg of this country, are- various beds, 
conglomerii^ sandstone, or a pe(mliar fin^y concretionary ealca- 
, of'a giwvetty 'pssMo;^iig^ Sppearancer'offoo 
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more or less nomerroiisly fragments of bones. In the ii|iip«r i£d more conglomerate por- 
tions ^ the series* tSmse bones are frequently mammalian; wlule below» even to the base, 
and there associated with Nnmmulitio, or £o^a/»aa-bearing* layers* the bones, rarely in a 
good state of preservatiou,. are believed to be more commonly reptilian, as appears from Major 
Yioary*s writings to be the case in the corresponding beds at Subathn.* 

From Mnrree't sonthwards the general stratigraphical straotnre of the hill country is 
a succession of great waves oommencing with an anticlinal curvature close to that station, 
the synclinals of the curves embracing some of the higher strata, form grand vertical clifEs, 
when largely composed of massive sandstones bedded nearly horizontally, as around the eleva- 
tions of Karor andNurr'h, very similar to the difTs on the Indus at Dacngote above Kalabagh. 

Towards Jhelam the curves appear to become softer and more open, and some of the 
highest beds, the conglomerates previously mentioned, come in. 

In the vicinity of Murree, and along deeply excavated valleys lying in a general direction 
north of east and south of west, overlooked by the northern slopes of the Murree ridge, the 
lower red terriary rooks terminate ; one side of these valleys being chiefly formed of the red 
rocks, and the other of contorted limestones and shales, towards which the Murree beds are 
frequently inclined. These are the main or striking circumstances of the positions of the 
rocks, which, however, when examined in more detail, are not found to be strictly limited to 
opposite sides of the valleys, small portiozis of the red beds being found in the limestone 
hill slopes, and a pretty constant rib of nnmmulitio limestone stretching from the Kooldunna 
hole (lying northwards from Murree) along the foot of the Murree ridge westwards by south. 

The rocks on both sides of the junction-valley present the strongest evidence of dis- 
turhanoe ; and faults, or lines of displacement, are numerous. Starting ^m Murree, red and 
grayish sandstones, with imperfect plant-impressions alternating with deep red clays, form 
aU the slopes in a descending northerly direction, till the rib of limestone is reached. On 
both sides of this, calcareous nummulitic layers alternate with the red beds. And gypsUm 
occurs more or less ou the Murree side of the rib and close to it. Beyond the rib of strong 
dark limestone, red and gray sandstone and day beds (forming the major portion of Kool- 
dunna hill) predominate ; and on the ascent of the opposite slopes of the Mochpoora chain, 
gray nummulitic limestone, sometimes crowded with small JSotalina^ alternate with dark 
shales. But even here detached longitudinal masses of the red Murree beds lying parallel 
with the principal features appear to be faulted deeply into the limestone group. Furth^ 
up on the Mochpoora ridge and beyond it» northwards, Jurassic and triassic rocks appear, in 
the maimer shown in Dr. Waagen’s paper on the neighbouihood of Khairagully and 
Ohumba Peak (the result of a joint examination of the lo^ty with the writer, see Becords 
Qeolo^al Survey, Vol. Y, page 16). 

In studying the junction of the more mechani^y fbrmed tertiary beds trith those 
eonsisting largely of nnmmulitie limestone along the Murree valleys but little value w 
be attached to the diatorted dips of the beds ; some traces of a former regular succession 
from the Ihnestonea of the Mochpoora ridge upwards inta the Murree beds being perhaps 
slightly indicated ; and tl|^ present poatrions of the rooks may be, for all that is seen to the 
contrary, freely and fairly attributed to the .united results of folding and fruiting; 
traoes of the latter being too prevalent for fruited displacement to be excluded from, consider- 
ation in the effort to account for the existing state of things* 

Beyond tiie Murree region westward^ the junction of the Murree rocks with the 
atones to the north presents very much the same general chanseter* the gypsaous zone b eing 

* Qosr. Jour. Qeol. 800 ;, London. Vol. IZ, p. Tt, 1853. 

t Koh Msfi (j. Mari mountain^ la the name of thla locality, the a haThis tiie sound of 0 j hence the adoptieo 
heie of the ooSttBuNi phonetic aad aioke popular ipelUiix. 
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trsoeable at intervals in tl^l position fixst described. , The outer luneetone rib ejt^ands and is 
flanked by anotber similar band, the alternation of limestones and Murree bed being apparently 
prodnoed by faults ; at least it has entirely aspect in the neighbourhood of Shah Durah* 

further irest a strongly mark^ line, also bearing the strongest resemblance to a fault, 
diverges north of Bawul Find! from the main line of junction in the diiection of the 
HarguUa pass, on the Peshawur road. Along it the Murree beds are brought against the 
hill limestones, here including both nummulitic and jurassio rocks (with perhaps an inter- 
vening cretaceous band). The jurassio beds contain a very marked layer made up of large 
2Wyoas<s resembling Trigonia Ventrieosa, Kraus, with some smaller forms ; while beyond 
Margulla Ammonites and BeUmniUs are also to be found. As usual along the contact of 
the limestones and finely detrital rooks, the red Murree beds are often either vertical or 
highly inclined towards the limestones. The actual junction surface, from being situated 
at the foot of the hills, is concealed \ and the branch line disappears beyond Margulla, the low 
ground in that direction being heavily covered with detrital deposits, and the small hills in 
which the spur from Mochpoora terminates being formed of the nummulitic and jurassio 
limestones, shales, Ac. 

The main line of boundary between the limestones and the Murree group continues from 
the place of divergence north of Bawul Find! westwards, marked at first by low limestone 
hills at the foot of the Mochpoora ridge or spur, which gradually increase in height and 
width, till they form the chain of the Chita Fahar mountains, abutting on the Indus several 
miles southward of Attock, near Nilab GiLsh. Beyond this the same feature continues 
westward along the Affireedi hills passing just north of Kohat ; on this line also the gypseous 
sone seen at Murree and more largely developed at Tret, as well as lower down in the plains, 
may be recognised at intervals. In connexion with this gypseous zone, and sometimes in the 
gypsum itself, ^re sulphurous springs, which bring petroleum or mineral oil to the surface ; 
this also frequently occurs slightly impregnating the adjacent limestones. 

Along the whole of this line of junction within Biitish territory, from near the Jhelam* 
to the Indus and beyond it, of the two sets of rocks furnish nothing decisive 

in the way of evidence to prove which is the older : and in many places the inference from 
dips would be directly contrary to fact. The nummuUtio limestones of the hills being, 
however, found in some spots close to the boundary passing downwards into jurassic rocks 
(with or without a thin intervening band whicdi may be, but is not here proved cretaceous), 
all doubt of the true position of the red rocks is removed \ and their close association with 
certain layers containing nummulites on the south side of the junction fixes their age with 
certainty. 

It win then appear that on one side of the general boundary there are red Murree beds 
containing layers of nummulitic, calcareous, or earthy rock, while on the other there is a 
mass of limestones and shales of nummulitic, jurassio, and perhaps some cH cretaceous age. 
llie junction itself presents all the features of a fruit or band of several fruits, and the 
only reason why it should not be unreservedly accepted as such is that, in the Simla Outer- 
. Himalaya exanuned Vy Mr. Medlioott, ^e same tertiary sandstones and clays as occur 
in tldB, oountiy have been divided hy gentkrman^ into groups, the boundaries of which, 
general resemblance to lines of fruit, are in most oases believed and in 
^ ^ ^ unoonjEbzmable contact ipd not fruiting (sea 

' Survey, Tcl.' fll), ' - ' 

W bi the TaUsy dC^the luu bfMa It'mskeBftShftrpbead 

and fiosw falUs oa tbe right iNBkIc of that 
rhrae,. tlw steeam Moinff«^khiad to Cashmere. Here it bends to foUowUig tho 

frSlhsMmjfr, fright btoh,bi|d Nsgraa^e toOono, wheroitoTOMto 

, frs* the ontri lliitk of the Peer pnidflthfito. Slates, metamorpldo tools, and 
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There ean he K«le or no douht thet the red Hnrree roeke ere, or repreeent, the num- 
imiIitio*8nbothu hede of Mr. Medlioott, which, in the Simla dietricte, rest nnconfonnably 
npon Hmeetonee end elates of unknown age; while in this part of the Punjab nnmmnlitio 
r^s occur on both sides of the junction. It would he manifestly mprcper to ignore 
this line of junction and carry the nummuKtic boundary across it while it presents so 
a fe^nre. Without some palpable local evidence, it would he equally improper to 
an i^onfonnaMs break in the nummulitio series; but as this might possibly 
e^ together with the faulting and displacement which seems to have occurred, it is 
proposed to express the line npon the map as one of fault, at least provisionally or until the 
whole country has been explored, rrith the hope that something farther may be found to ex- 
plain the difference between the present aspect of the junctions here and m the Simla regions. 

With respect to the other junctions of Mr. MedBcott, showing repeated unconformity in 
the ascending series between his tertiary sub-groups, the difference in this district has to to 
noticed. The description of the rocks would point to their close identity ; but m the Simla 
region the succession appears to have been interrupted; while here the most apparently 
regular sequence and conformity has only been observed soutowaid from toe liiMtone 
h^ crossing the country in an east and west direction north of Eawul Pmdi; toe^red Murree 
rock^ either vertical or dipping at high angles, reach down to toe Utitade of toot pl^ 
interrupted only by a long ridge of nummulitio limestone of the hiU type, which, lying 
west by south from the station, appears to occupy a space between two converging lines of 
fault Southward of this toe Murree beds pass up (still rettining their high dip) into the 
•red ’and gray' series in which the first bands of conglomerate appear. In these 
eonglimerates, notwithstanding the parallelism of the beds, are enclosed lim^ peb^ 
oroved by the small NtmmUitet which they contain to have belonged to that fomation ; 
tot where toe break occurs during which the denudation of the older rock took place it is 
at present impossible to say. 

Above the ‘red and gray* rocks come others with more of orange colour in the clays; 
and these pa«i up, as already stated, into toe conglomerate group, -^e upper portito of 
toe aeries neighbourhood of these comglomeratee has been identified from its fbssil 

tonm^th fto SivL group by the late Dr. Falconer (paper by Mr. Theobald on toe Salt- 
Eange • Proceedings, Astitio Society, Vol. XXIII, 1864, page 677). So toat in this dtitrict toe 
Sutotou and Sivalik gmups of toe Simla region may be considered ^nt; whi^any 
of the intervening rooks would answer to the description of the Nahun beds of 
Mr Medlioott. The peculiarity of the frequently interrupted sncceseion in that region, 
that almost complete sequence here, would indicate considerable difference in 
toe physical causes which affected the deposition of the tertiary rocks in one region as 
oompsTcd with the other. 

It is difficult to estimate the thickness of these sandy and eartoy terti^ rocks in 
consequence of the numerous contortions, and the all but positiye certainty that m many 
places^ where toe beds are apparently steady at high angles « verti^ thei^hesrfnuiMroM 
Lil. sm rn n rm^-^ The foot of this contortion impressed Mr. liyman (Eeport on toe oil 
reirioiis of toe Punjab) with toe idea toat the thickness liif toe whole was much less than 

imagine, aTtoese contortions lying exactly so ^t the pla« (* 

7S» sutfi«.. of the country 

metitiOQS of eadi group or some of the underiying otrate. The abMce oi 
2- ^ to^tto L enormous aocdmulation of ^ be^ 

Xion, mid tSsisto-deredmore ^ 

vaUey witWn Caslanore tentory, wherepart of the red Mwiee group, dippii« regular y ^ 
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an angle df 45^, wua eaiiinaftied to hare a thickest, on the tanfeka of the SyJ Nag range, of 
aboat one and a lialf nules. The dip in this ease alao waa (obHquely) towards tite a^jaoetit 
older vQidn< 

Besides the tertiaiy oonglomeratea f^vioxuly described, there ia another yery extenaiye 
group of more recent age, the pebbles in which are largely composed of Kmestone'; it is yery 
well deyeloped about Kawol Find!, and spreads tmconformably oyer gres# tracts of the 
oountxy, alternating with drab or pale pmk or red or purple brich<elays, and frequently as- 
with calcareous tufa or oalcareous conglomeratic solid massive beds called by the 
natives * Kotm^oor* The basal part of this group in immediate contact with the tertiary 
sandstones is often formed of strong beds of calcareous tufa or travertin. 

These conglomerate and clay rooks are at present considered lacustrine, or formed by 
wandering river action ; and their boundaries, if shown upon the maps, will be extremely 
intricate, as they are often cut through by the nullahs exposing the rocks beneath. 

The Buperfirial covering of the country is largely derived from the clays of this 
group ; and where clays, riiales, and such soft rocks abound, there ia no lade of material to 
form a frequently thick deposit, the result ctf atmospheric actiou. 

Slu[iri]roou]i, , A. WYNNE. 

Caahmeret May 26th, 1873 . ) 


CoASi iH India, by Theo. W. H. HvaKBs, c. e., f. g. b., Jjsociate, BoyaZ School qf 

Mines. ♦ 

I trust it will not be uninteresting to the readers of the Becords of the Gleological 
Survey to have placed before them a few brief remarks which will tend to widen the scope 
of their knowle^e with respect to onr Indian coal-fields, and enable them, when the subject 
of coal is dificussed, to uphold the daim which India enjoys to rank amongst the gmat coal- 
bearing areas of the world. It will doubtless surprise many to learn that both in the 
auperfidal extent of its coal measures and associated rocks, and in the actual amount of its 
coal, India ia aurpaaaed by few oountriea ; and that with respect to the size of some of its 
seams it stands pre-eminent in the literat^io of mining. 

Even that land of monstrosities and natural wonders, the United States of America, can 
exhibit nothing to eompaze with the gigantic mms of the Hengfr and Damfidi coal-fields, 
some of which are one hundred and sixty, one hundred and twenty, and a hundred feet thick. 
These figures of course do not imply that there is this amount of pure coal ; tlie term seani is 
used in its technical aense, aa embracing the whole sum of coal and partings in a given bed. 

Until within the last few years the information regarding onr coal-fields was scanty 
and imperfect; but of late, the action of #ovetgiment and the labours of the CteoLogioid 
Survey have been more in accord witii tbe ^qrurements of the country ; and the result is 
tlmt, although our data are fdill far from h^hg complete, yet we can form an approximate 
oatiniiBte (which may be accepted aa a nijudeus for future cmnpntarions) of the area of our pro- 
bable ^ supplier their ge«^pnp|jical position, and the quality fuel which they can yield. 

And in the first place wii^^ regai^ to our probable coal supplies, it becomes more and 
mofs the* free oTthe steady inoreasUig price of English coal, to enquire 

he aide to the fitid so essential to the fiorther develop 

, oI' whU the eM^es of Englishmen have in some instaaoea 

omed aiitd .ih^^^^ fostered to a inaiurer growth. In answer to this questto^, aroniid 

, ; whipli intetost in this ariiol^ I think it wifi be sufficient if the reade>^ 
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The earn method of oaMsdaon has heen acted upon in regard to India, in the deter- 
mmation* of the aniierficial extent of ite eoal-bearing areas as that applied to other 
countries, and the length and breadth of the tracts over which coal rocks ma^ be premmed 
to extend have been mnltipHed to give the number of square miles. 

Takihg the coal-fields aLraadj partiaHj and in whole examined, and allowing for the 
nnsurveyed poidaons of Central India^ Asmm, Burmah, and the Tenasserim province, &c., 
we may safely assume 36,000 square miles as bring within the mark. 

In order to show bow these figures are arrived at, I append the Mowing table. 
Berides, however, enumerating the different Indian ar^, I have added a list of such 
coun^es the areas of which I have been able to compQe from various sources of reference ; 
and I have also noted the countries in which coal is known to occur, but concerning which 
there is no knowledge of the extent of their coal measures. By thus enlargening the table, 
I hope its usefulness for the purpose of comparison will be increased : — 

Jkihle of Areas. 


Name of oonntiy. 

Area In sqnan 
miles over wldch 
ooel'Tooke maj 
be presumed 
to extend. 

BSMJLaKB, ^ 

India ... 

86,000 

Thii miUagt i§ made up ae foUomev^ 

il 


Goddvari area (Inclndlng its affluents) ... ... 11,000 

Son ... ... ... ... ... 8.000 

SirgtUih and Gangplir area ... ... ... 4,600 

Assam ... ... ... ... ... 8,000 

Narlmdd area (inolndlng its affluents) ... ... 8,600 

DamdiU.., ... ... ... ... 2,000 

BOimahdl area ... ... ... ... 800 

Unsorrejed and uDoompated areas ... ... 2,700 



Square n^les ... 86,000 

United States 

600,000 

The prodnctive area of coal Is moob less. Professor Hltohepck 
estimates the area of the tme carboniferous sjritem at 
280,669 square miles. 

China ... 

400,000 

This estimate is not thoroughly reliable, but it is certain that 
there Is an enormous ooal-beuing area in China. 

Anstralia... 

a4io,ooo 

In New Bonth Wales, the ooal area is said to be 120,000 smiaie 
miles. In Queensland the same area Is supposed to exist. 

Boaaia ... 

160,000 

This area is probably far below the real extent of the Boaslan 
ooal-fermatioD, 

TnHIa ... ... 

81,000 


British Aneiloa ... 

18,000 


A Great Britain 

lAOOO 

Ifr. Hull gives 6b491 square milee as being stored with coal 
to a depth of 4^000 feet. 

S^ain 

0,000 

This estimate Is vagou. Some anthorities give 4b<MK> square 
milM, and others %000. 

Japan ... 

6^000 

Qy Germany is msa^ sU the German-speaking provinces. 

Gjumsoy ... 

0,000 

FrineS 

8,400 


Anittria 

8,000 

Some (rf the Austririk bmwn ebhi ssems approach the Indian 
eessui in tbicknese^, > 

Beliriua , ... 

• sao ^ 
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Bsmeo ... 

Tbe cobI of Xdibain is reported to be of good quality, and very ftlr oosl oconrs 
in tbe Sarawak territory. * 

Broil* 

There are large ooal-flelds in thie splendid oonntry. . 

Gaps l^lonies 

There is eoal in this as in so many .other dependencies of the English orewn. 

Dfiunait ... 

Only a small quantity of coal Is raised in tbe island of Bornholm. 

PalUtnd Islands ... 

These Islands oontain oosl. 

Qneoe ... 

Lignites have been worked at Konini. 

New Granada 

The coal of this oonntry Is said to be oretaceona. 

New Zealand 

The calculated amonnt of oosl in New Zealand is four thonsand millions of tons. 

Persia ... 

A large area of eoal is stated to oocnr. 

Portugal ... 

A small coal-field oslsts near the month of the Oonto. 

Zambesi ... 

This coal was brought to light by Livingstone. 

Zansibar ... 

Some coal, said to be Zansibar ooaL was analysed by Mr. Tween, of the Geological 
Surrey, and gave— 


Carbon ... ... 48*4 

Volatile matter ... 80*4 (moisture 4 per cent.) 

Ash ... ... 27*8 


Wo 


The geographical positions of most of* oar fields have been already indicated in the 
*' Coal Resources of India" compiled by Dr. Oldham and published in 1867. It was pointed 
out in that work that a chain of coal-fields extended across India from near Calcutta to the 
Hoidrab&d Assigned Districts (the Berars), lying within the 20° and 25° parallels of 
north latitude ; that other fields occurred in the valley of the God&vari and its affluents, 
and that throughout Assam, Burmah, and the Tenasserim province there were deposits 
of cod. ^ 

Some off these fields lie' in the route of direct railway communication between 
Bombay and Calcutta, and of course would prove useful sources whence to draw fuel. But 
the geographical positions of others again are such that they will probably not answer any 
useful purpose for many years to come. 

The quality of Indian coal is Visually denoted by the adjective had, but I believe this 
word has been too freely used. The average of Indian coal is certainly inferior to 
that of English ; but there are rnany seams in the Rfinigaig field, and more notably 
one or two in the Earharb&ri field, which yield very good coal indeed. Much of the Assam 
coal is said to be excellent. And it is j;us6fiable to entertaiu the idea that if our fields had 
been more extensively opened out and worked to a greater depth, coals would have been met 
with of a quality sufficiently good to make uS cautious in regard to the indiscriminate use 
of the word bad. Several attempts have of late^been made on one of the short lines of the ^ 
north of England to bum inferior coals in the locomotive engines and I have been informed 
by a gentleman personally mterested in the . inntter that the experiment in which he was 
couched proved very successful. The principal modifications of existing arrangements are, 

X l^evq, in ^nneotion -jaith the grailn and draught, hnt there are minor ones with which 
1 am n^ a^umted< Nearly the same, amount of work, it is stated, was done by the inferior 
^ by the best locomotive coal. How important these practical 

xmpect to India no one will deny, and 1 hope the day is not ^ distant 
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Os THE SALT-amKOS OF PeO0, bg WtLLtAM Thbobald, €hologiml Survey of India. 

Prior to the oeoupation Pegu by the British, a considerable manufacture of gait was 
carried on inland, from the somewhat feeble brine springs, which are so plentifully distributed 
throughout a large portion of the valley of the Irrawadi, more particularly along the eastern 
skirts of the Arakan range in the districts of Myanoung and Henzadah. Of late years, this 
manufacture has to a great extent ceased, and is now merely practised obi a very reduced 
scale at a few spots, to supply strictly local requirements. The decay of this industry arises 
from the abundant supply of the article, now procurable, manufactured in the delta* from 
sea-water ; and we may expect this sea-salt entirely to supplant that manufactured from the 
springs, as the system of traffic and barter, by means of itinerant traders, enlarges more and 
more, and the &ci]ities for obtaining the cheaper article become greater, and, therefore, more 
appreciated. Even now, many spots are pointed out, from which salt was formerly obtained, 
but at which the precise locality of the wells, long since fallen in, has been forgotten, and 
every year makes it more difficult to gather information on this point, as the action of the 
seasons and the growth of vegetation combine to efface all traces of former workings. In 
some places skirting the hills, the plough now passes over ground whore salt-wells formerly 
existed ; and hence it is mainly in the localities where massive timbering was employed to 
support the sides of the wells that we can best judge of the number and importance of the 
old workings. 

The wells vary in shape, being either round or square, usually the latter, from the greater 
facility of timbering the sides ; whilst some are little better than rude excavations or enlarge- 
ments of an original cavity, sufficient to permit the accumulation of the brine for conve- 
nient removal. Others again are sunk 10, 20, or 30 feet, and have their sides roughly, 
though effectively, supported by stout planks. In some instances (e. y., Hlahndeng and 
Kadeng-mah-ngo), these planked wells are sunk to a small depth in the bed of a stream, and 
during t^e monsoon become filled with sand, gravel, and fresh-water, but on the season for 
active operations commencing in the cold weather or towards its close, it was customary to 
clear them out, when the brine would be foi^d, occupying its own place, a short distance 
below the ordinary level of the bed of the stream. 

The strength of the brine is variable, being often only feebly saline. This probably 
depends on admixture with surface water, as the strongest noted was yielded by the 
Sadwingyee spring, which was also most copious, and consequently the least obnoxious to 
admixture wi^ sur&ce water, which may be supposed often to affect the more feeble and 
sluggish springs. I may here remark that, though usually spoken of as brine springs, 
these sprii^s are, in the great majority of instances, hardly entitled to the designation, 
having scarcely any flow. In the case of Sadwingyee, there is a copious spring. In the 
case of Nummayahn and Sahugyee there is a perceptible flow, and no more, accompanied by 
a somewhat copious evolution of marsh-gas, which keeps the pools turbid and in a state of 
constant ebullition. The more usual mode of occurrence of the brine, is among crushed or 
disturbed strata, especially harsh dark shales, in which the brine occupies cracks and pockets, 
and, on a well being sunk therein, trickles into it from the surrounding strata, but without 
causing an overflow. Mr. W. T. Blanford, in a memorandum on the salt-wells of the 
district of (May 1st, 1861), points out thirteen di%ent localities, the richest 

being that at Sadwingyee, which indeed may be regaided as the richest in the province, 
and of which I here quote his s^ount. 

« The Impended list specifies thiiteent Afferent localities m the district of Hensa^ 
at which salt is known to have been worked. Of these, only thteo wm at work at the time- 

• Impofled Baalifth salt to nCw ooiapeti&g with the country-made article. 
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of my vinit^ ille pdm»p&l of which was Sadwingyae, the spring at which place H probably 
one of the most productive yet known in the region. The flow of water in the Well was 
OatefoUy mnasnsed by my i^ow assistant, Mr. Fedden, and found to he 67*16 gallons per 
hour, Or about 1,370 in the 24 hours. By a rough experimmt the wate was found to con- 
tain 4704 grains of srit to the gallon, so that the quantity of salt dally yielded ly this 
ipliug amounts to 020 lbs. avoirdupois, or 8 cwts. 24 lbs. 

** Few springs probably yield so largely as Sadwingyee, but it was not found praotioable 
to ascertain the quantity procurable fiiom any other. The water is so salt that it can be 
evaporated at once without previous partial evaporation by the sun. It is boiled down in 
large iron pans, placed in twos or threes, over an earthen ^-plaoe, the method being some- 
what similar to that employed in India fl)r evaporating the juice of the sugarcane,’* 


The pans mentioned in the above paragraph are shallow, extremely thin cast-iron pans, of 
English manufacture, of about 30 inches in diameter, and principally used in the preparation 
of the common 'jaggery* or unrefined sugar from the juice ci the 'dajie,' '&n,' or other 
palms. Earthen pots are also used for concentrating the brine, of an oval shape, with sides 
nearly an inch in thickness, and capable of holding between 3 and 4 gallons. In the delta, ' 
where sal^ is habitually made from sea-water, a somewhat different arrangement is adopted. 
A dreukr oven of brick is constructed, something like a large bee-hive^ with holes at intervals 
to receive the oval earthen pots above described, to the number, perhaps, of as many as sixty 
in one oven, the ultimate concentration being, I believe, in the ordinary shallow iron pans, 
though this is probably a recent innovation. 

The distribution of these springs is as follows: — Of 79 localities recorded in the accom- 
panying table, 21 are situated within the area occupied by the newer tertiary strata of tha 
province, of miooene age ; 9 within the much narrower belt of country formed of unaltered, 
and comparatively slightly disturbed, nummulitic rooks ; whilst most of the remaining 49 
localities flerm a conspicuous baud along, the outer hills, on the eastern side of the Arakan 
range, among altered rooks, grouped comprehensively under the term Negpraia be^ of, in part 
poiribly, nnmtnnlitio age likewise. ^ 

Ko salt springs are known to me on the western side of the Arakan range, or on the 
eastern side of the Pegu range. The whole are, as far as is at present known, confined 
to the Irrawadi irall^y; though future exploration may possibly show that this remark 
only holds good , within the »rea to which it more immediately relates. 


The most eai(terty s]^ngs m thbse of Kadeng-mah-ngo and Pyeng-mah-olfoung, 
fitly miles to the soutiiof the former, distant* respectively, sixty-seven and seventy miles 
from the Arakan range, and thirteen and oleven fitom the Pegu range, measured at right 
a^les to theSxgeneral direction. Seven mik» south of the Pyeng-mah-choung iqirings 
ookffs the spring of Toung-ngo^ rimg on the same north by west line of strihe^. and being 
accompanied by a hopbua evolution of. marrii-gas. The Toung-ngo apringrises on a line of 
^eturbenoe, aa shown by the cruriied andi^ipdumteddiaxacter of the sandstones inits vicimty, 
and the lessari&equaney of springs ! this most ea^eriy line of their oceurrenoe may be 

pa^ al4rib^to&e greater thiokn^ of the newer strata* whirii they irouM here require 

presence not luivingUen so aed- 
V nativ(^p!iidi^ io the leawr demand for salt at such a distanoe 

<^.the fish fimm whirii the nation^ 

" beHiongs to the .same sjston, t^>ugh 

* '"le on -.i, 

^ th^of wMiAKum^aynhriis timi^ 
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the Arctkan and Pegu TimgeB. The OB^nay*da*gyee sjiringnear the frontier lies almost 
exactly *on this line, irhioh* if oomdlered as one line^ measuring irom On-nay-da-gyee to 
Waddan^ha, is sixty-three miles in lei^h, with a generel ooincideiice of direotion with 
the hill ranges bonadiiig Ihe valley. 

On this line likewise is situated the spot known as Naht-mi or ** the spirits fire/* thirty 
miles north by west from Nummayahn, and whioh is merely a spot in the jungle from which 
marsh-gas issues through ora^s in the soilt and becomes, from time to time, either intentionally 
ignited or aooidentfdly daring the prevalence of jungle fires. AboveNnmmayahn, in the 
river bed, there is oonsiderable distnrbanee, as evinced by vertical strata, and it seems probable 
that all the springs of this group rise along one and the same line of fracture, probably 
a highly contorted anticlinal, though this may not be indicated by the appearance of the 
rocks at the surface, at the actual point of issue of the springs, which may mainly depend 
on local conditions, surface arrangement, denudation, and the like. 

A little west of this Uce oocnr other springs (Nos. 8, 21, 9), whioh may or may not 
issue primarily along the same suhterrauean line of disturbance or fracture ; but this is neither 
material nor possible to say. 

Associated with this system of springs may be classed the Boolay, Laym 3 goung, and 
Tayzahn springs. The Boolay springs were simple wells sank in sandstone at the month 
of the Boolay stream, but which have been long disused. The Laymyonng spring rises 
on the top of a low ridge forming mud pools from which' a little marsh-gas escapes, much 
after the fashion of the Nnm m ayah n springs, only much more feebly. Near the mouth 
of the Boolay stream, above where the road crosses, and close to the vill^e of K wonboolay, 
^occurs the only hot spring known to me in Pegu, hut it rises in the bed of the river, so 
that its temperature cannot be well ascertained, and sometipioB it is entirely concealed 
beneath the sand. 

The third line of springs is by far the most important^ embracing probably several 
closely arranged parallel lines; and if we assume theSahngi spring on the frontier to 
belong to this group, this line would seem to Mow a curve, generally corresponding with 
that followed by the Arakan range. The Sahngi and Day-beng springs are situated in a 
line thirty-four miles long, with a general bearing north-west by north, with the LeUgbhan 
and Shuagyeing springs a little on either side of it, and distant seventeen miles from the 
Arakan range. Prom Day-beng to Shah-si-bo the line is* forty-two miles, with a bearing 
north by west, distant fonrteen mileB from the Arakan range, and marked by a perfect 
belt of salt springs. Prom Shah-si-bo southwards, the springs are rather more soattexed, 
Aftii rnn in a direction almost due soujih, the most southerly one recorded. No. 79, being 
one hundred and twenty-four mUeB in a straight line from the hontier spring of Sahngi* 

This rich belt of springs is ritnated among a grUnp. of harsh dark indurated ahnles 
and sandstones ; the induration being variable in amount, and never approaohing metamor- 
phism, properly so called, within the area immediately adjsoent to the salt springs in 
question. Pew or no fossils have been found in these rooks,! certainly not within the above 
area, but their relation to tlie unaltered rooks of the district lends sttppmrt to the view of ^eir 
being pqssibly of nummuliric age. 

In view, then, of the occurrenoe of these springs most nume^Usly along lines oorres- 
poh^ng t6 the general strike of the beds of the ^Ostrich «hd of the ^firection, moreover, 
of ike twin ranges which boiind the Imiwadi valley; and haring regard to the indica- 
tions of compression and violent disturbance which , Ike, shocks in their vicinity ofim 
display; in view, too, of the association iritii them, on titir^sazne lines of strike, Of the 
cmly hot sprix^lnthe gmmoe^ wA ot vgiM whence iesnc hoik pwtrolenm andmawk*^, 
fiwe may fiuriy aasaoM'that^ they rise .along , widely , ^eixteiids4 Ifees of disturbance, (a nti cM ae l 
fissures most probably,) fiom the lower beds of the nurnmuKtio or some still older gtou^ » 



70 Becordf of He Geological Surveg of India, [vol. Vf. 

Zi Itierift be remarked that n^reaa the only known petroleum localities lie within 
the are$ of unsltered nttmmnliiic strata, or of the newer Tertiaries, yet the greater* number 
of mlt He below this horiason among the altered and presumedly lower members of 

the same, group ; a point which, if definitely established, as it seems to be, as far as regards 
the area hitherto subjected to examination, will not be without an important practical 
hearing in searching for petroleum, inasmuch as there is an idea prevalent that the presence 
of brine springs in this region is per ee indicative of the existence below of the more 
valuable mineraL Having mgard to the circumstances under which the mineral oils occur 
in America, there is nothing unreasonable in the supposition of a similar connexion existing 
^tween the brine springs and oil in Pegn, as is found in the new world-^n idea strengthened, 
moreover, by the existence in the same districts of both oil and brine ; but, as I have already 
pointed out, there seems no good reason for believing that, in Pegu, the same connexion be- 
tween brine springs and oil exists as m the American oil-fields. On the contrary, it would 
seem that the reverse of what occurs in America is to be anticipated here. In America 
the connexion between the oil and brine is an established fact ; the first petroleum obtained 
by boring having been accidentally obtained in 1819 *4n sinking wells for salt in the little 
Maskingum river in Ohio,*' (Emi, " Coal-oil and Petroleum.”) In Pegu, it would seem as 
though, if 4n ainking a bore, a copious brine spring were struck, this would probably indicate 
that the boring had penetrated to a horizon below that wherein the mineral oil was pro- 
duced. In Pegu, as in America, the oil may rise to the sur&ce with the brine, as the 
horizon of the napthagenio beds is higher than the sources of the brine, which is not the 
case in the American oil-field. But the non-association of the two in Pegu may, I think, 
be legitimately inferred trom the fact of no indications of petroleum being known within 
the belt of rocks wherein the most numerous brine springs rise, ae would hardly fail to be the^ 
case were the origin of the brine and petroleum in one and the same group of beds. That the 
co-existence, too, of brine springs and petroleum in Pegu is rather a fortuitous than a connected 
phenfimenon ( as it would seem to be in America,) is to some extent borne out by the fact 
of petroleum occurring in the Fuigab in connexion with rocks of the same geological age 
as in Pegu, but without the accompaniment of brine springs, as in that province ; so that 
our present experience may be summed up with the assertion, that whilst a copious dischafge 
of brine and marsb-gas may not be withont value in determining a site for sinking for 
petroleum, in ground occupied by rooks of the upper portion of the nummulitic group or any 
rooke above that horizon, yet the same indications are not to be relied on as of equid 
promise, within the area occupied by rooks lower in the series, or of greater geological age. 

It (mly remaine ip add a few words explanatory of my classing these altered or hill 
rooks as * Hegrab beds,* or possibly nummnlitio in after having, in my recent paper on 
the * Axiols in Western Frome,* induded them in that group. When writing that paper, 
tile age of these hill-rooks was quite problematical, and beyond the generd absence of 
foeails in the limestcmeB and the mineral diaraeiet of the beds, so different from that of the 
recognised HTummulities, there was little Or no evidence to which group they should be 
assigned; and the balance seemed to tend towards their union with the older or axial group. 
Bnxuy the foUowtng season, however, 0.970*71), I aooumnlated evidence, of an opposite 
tendenoy, not only by a more extended oxftmination of the ground oeonpied by them, but I 
. had tiiis: gQod likewise to detect Hnmmulites in one of the outcrops of limestone, alluded 

til in at page 38 ( leef riti)* which I had not previously had the opportuniiy of 

the rdation of a portion at least of these hill rocks, of 
, wUh the newer nnmmaUtio grc^, in spite of their often excessively 

Hian with tib olto.Axials, with, which they had been previously in* 
a diS(Hl8ildd9'1>^thl8 question fi>r another occasion. 

^ ^ W, THEOBALD. 
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I append a lUt ol eprings, a great nnmber of wbidi are not induded in the publislied 
map of the proyince. 1 have therefore spelt the whole on a uniform system as given below, 
adding the mode used in the published map, where it ^fTers from my own. 1 have endea« 
voured to convey the sound, so that the word pannot be mis-pronouuced through ignorance 
or ambiguity. The system is that already adopted in the naming of a very extendvo collec- 
tion of Pegu woods presented to the * Phayre Museum*, Rangoon* 


Burmese names ^It 
a 

on 

as 

the following systc 
a 

mi— 

in 

mat 

cat 

ah 

19 

a 

99 

father 

ah 

tf 

1* 

i 

99 

stn 

syncopy 

ei 

» 

i 

99 

ntle 

neither 

0 

99 

0 

99 

pot 

lot 

oa 

99 

0 

99 

pope 

soap 

u 

99 

u 

99 

tab 

mud 

00 

99 

u 

99 

lunar 

stoop 

ay 

99 

a 

99 

patient 

stay 

e 

99 

e 

99 

set 

met 

i 

99 

e 

99 

impede 

concertina 

ew 

99 

e 

99 

few 

note 

There is no / in Burmese, is its nearest representative ; y is always hai-d. 
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Not. 

ftiton StiLLiiro. 

Mat SnxAivo. 

BiKiaxa. 

1 

Hlilui'dtiig 

Hlaadeng 

One and half milt weat of the village. Several wella In the 
K^ybed of aatream,anda few more a little to the eattward. 

S 

Kadeog-mtli-nffo 

... 

Several wella In a amaH atream ranning into the Kbyoang- 
khoong. 

8 

FyeiiiiUilK.choitDg 

Pyengmakhoiuig ... 

Two aprSnga or pnddlea a little way apart. 

4 

Tonng'Dgo 

... 

A. itrong apring with rnnoh marah-gaa eacaping. Water very 
nanaeona. 

6 

Sahn-Ri 

Bangyee 

Several apringa with a copiona evolntion of marah-gaa, but 
a feeble diaeharge of brme. 

6 

Hpoongl ... 

Pwongyee. 


8 

0(ui-naj dah-gi 

On naj dag jee. 

• 

9 

Ki<4eing. 



10 

Botlaj 

BbweUlaj 

Several wella tank in aandatone on the north bank near the 
month (tf the Boolay-choang. 

11 

Laj-xnjonng 

Let myoong 

Springe iaane feebly on the top of a amall hill, with a little 
marui-gaa. 

U 

TaTsthn ... 

Tatan. 


18 

Iitng bahn 

liOng bhan. 


14 

Bbuaj-gjeng. 



15 

Daj-btng. 



16 

1 

1 



17 

Tathaja ... 

... 

Seteral wella about one mile aouth by weat firom the village. 

18 

iHaengabn, 



19 



f 

80 

Oat pho ... 

Ot pho. ^ 


81 

88 

Num-maj-abn 

Pjonk-htialit. 

Na ma yaa 

Several apringa, rather feeble, bat with a oonaiderable evo- 
lution or marah^aa about half a mile aonth-eaat of town 
on rlaing gronnC 

88 

84 

Faj-goan. 

Tnah-ihjt-koia. 


Noa. 81 to 86 all riae aloim the weat aide of the range of 
hilla ranning down bound Frome in a aouth-eoaterly 
diraotion. 

85 

Thoan-va boa&g. 


• 

85 

WoddaQ-thab. 



87 

88 

Bhooyo. 

Hnotwt^ 


Several walla. 

89 

Kalmga oltoung 


Hie brine hare rloea in a aort of pocket formed by a cmabed 
aniieUna], and we have here probably eiemplifled the 
manner in which moat of the i^nga reacli the auclaM, 
along Itnea rendered perviona by exueme folding, and the 
diamption of the tower beda. 

89HB8 

mm 



m 




m'‘ 

ttt 




89 
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JH 

Nos. 

, Bi^hix Snuinre. 

40-46 

Hlsj-gn ... 

47 

KsmysngHihoung. 

48 


49 

Shusybsndaii. 

60 


61-68 

Kweng^hlah. 

64&66 

OsBhyb>Kweng. 

66 

Thtystsahn. 

67 

Pdybsng-goan. 

68 

Chln*iuh«gi. 

69 


60 

Sftyay*>kw6ng. 

61 

ShAh-sl-bo. 

62 

Kway-mah ... 

68 

1 

1 

04 

Hsl-soan. 

06 

Tsahndap-ohoang, N. 

66 

Ditto, S. 

67 


68 

Piah-hoan. 

69 

Boodalet. 

70 

Mlonng. 

71 

Sahdwyngi 

72 

Adwjnzyn. 

73 

Kayahudwyu. 

74 

1 Uinahgwyn 

76 

^way chonng kwsng. 

78 

Thayet-goan. 

77 

Wnddaw kweng. 

78 


79 

Hlay goan. 


Bbhibss. 


These seven looaUiiei embnoe many wells nnfred in a line 
one and half miles long. They are now mostly abandoned 


There are some six wells here. 

The brmo of Nos. 88 , 64^ and 06 said to be very salt. 


This 18 the most copious and important spring m Pegn. 


There is a olnster of some thirty wells here within a mile of 
this. 


Nob. 63, 64, 66, 66, 67, 70, 71, 72, 78, 74, and 79 had been alteady examined and fixed by 
Mr. W. Blanford. The great majority of the^remainder have been vidted by myself, whiht 
many of them have been independently examined Mr. Fedden likewise. It must not, 
however, be supposed tLit the above list exhausts ail the localities where brine may possibly 
occur, but only attempts to give as complete an enumeration as possible of the sites where 
salt baa been formerly extracted. 
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DONATIONS TO MUSEUM. 

Fbok Ibt April to 30th Jukb 1873. 

April SSth.-— Dr. Hbndbrsov — Two BpecmienB of Limestone and Sandstone from the 
north slope of the Korakoram Bange. 

Jttkb lOTH.-^overnment of India through A. W. Sampson, Esq., Under Secretary. 

Spedmens of Earth-Oil collected by B. L. Smith, Esq., from the 
Punjab. 

ACCESSIONS TO LIBRARY. 

From 1st April to 30th Jhkb 1873. 

Tithe of Booke Donors. 

Ausset, Dollptts. — Mat^riaux pour TEtude des Glaciers, Vol I, Part TV, (1870), 8 vo , 
Paris. 

Actstin, Jambs G.^ — A practical treatise on the preparation, combination, and application of 
Calcareous and Hydraulic Limes and Cements, (1862), 8 vo , 
• London. 

Blakb, Wm. P. — Notices of Mining Machinery, (1871), fto., New Haven. 

Dbsor, E., bt Loriol, P. ob. — iSchinologie Helvdtique. Description des Oursins Fossiles de 
la Suisse, with Atlas, (1868-72), 4to., Paris. 

Dupont, E.— L’Homme pendant les Ages de la Pierre dans les environs de Dinant-sui- 
Meuse, 2nd Edition, (1872), 8 vo., Bruxelles. 

Febgusson, Jambs.— Rude Stone Monuments in all Countries ; their age and uses, (1872), 
8 vo., London. 

Fritboh, Dr. Anton. — Cephalopoden der Bdhmischen Kreideformation, (1872), 4to., Prag 
Fromentbl, E. db. — Introduction a I’^tude des Polypiers Fossiles, (1858-61), 8 vo., Paris 
Harcourt, Capt. a. F. P. — The Himalayan Districts of Eooloo, Lahoul, and Spiti, (1871)! 
870 ., London. 

Leavitt, T, H.— Facts about Peat as an article of fuel, (1867), 8 vo., Boston. 

Matoriaux pour la Carte Gdologique de la Suisse, Parts 6 to 9, and 11, (1869-1872), '4to , 
Berne. 

Mbuntbb, Stanislas — Cours l&Mmentaire de Gdologie Appliqnie, (1872), 8 vo., Paris. 
Morfit, C. — ^A Practical Treatise on Pure Fertilizers, (1873), 8 vo , London. ^ 

Ormatewaitb, Lord.— Astronomy and Geology compared, (1872), 8 vo., London. 

Palmibbi, Prof, L —The Eruption of Vesuvius in^l872, (1873), 8 vo., London. 

Reports of the United States Commissioners to the Paris Universal Exposition, 1867, 
Vols. I — VI, (1870), 8 vo., Washington. 

^ Dipt, of Statb, Washington, D. C. 

The Coming Race, (1871), 870 , London. 

Vogt., Carl — Lehrbuch des Geologie und Petrefactenhunde, Band 11, Tdef. 1—3, (1871-72), 
8 vo., Braunschweig* 

VosB, G. L.-^-Orographic Geology, (1866), 8 vo., Boston. 

PERIODICALS. 

Amev^ Jottunal of Science and Arts, 3rd Series, Vol. V, Nos. 26 to 28, (1873), 8 vo., 
New Haven. 

AnXute des UinOe, 7th Aeries, Vpl. 11, Liv- 6, (1872), 8vo , Paris. * L* Admins, dbs Minbs. 
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Annab and^iiagaziiie of Natural Hiatoxy, 4th Series, Vol. XI, Nos. 63 to 65, (1873), 8vo., 
London. 

Blochmann, H. — Bibliotheca Indica, New Series, No. 275, Ain4-Akb4rf, Fasc. XVI, (1873), 
4to., Calcutta. Goyjeebnhent of India. 


CoBA GuiDO.—Cosmos, No, II, (18?3), 8vo., Torino. 


The Author. 


Geological Magazine, Vol. X, Nos. 3 to 5, (1873), 8vo., London. 

Indian Economist, with Agricultural Gazette, and Statistical Reporter, Vol. IV, Nos. 8 to 10, 
(1873), 4to., Bombay. ^Govbbnmbnt op India. 


London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science, 4th Series, 
Vol. XLV, Nos. 299 to 301, (1873), 8vo., London. 

Neues Jabrbuch fur Mineralogie, Geologie, und Palseontologie, Jahrg., 1873, heft 1-2, (1873), 
8vo., Stuttgart. 

Pal5ontologie Fran^aise, 2nd Series, Vegetaux. Terrain Jurassique, liv. 1-9, Svo., Paris. 
Petbbmann, Db. a.— G eographische Mittheilungen, Band XIX, Nos. 1 to 4, (1873), 4to., 
Gotha. 

Professional Papers on Indian Enrineering, 2nd Series, Vol. II, No. 8, (1873), 8vd., Roorkee. 

^ » Thomason College. 

Quarterly Journal of Science, Nos, 37 and 38, (1873), 8vo., London. 


GOVERNMENT SELECTIONS, &c. 


Bengal.— Gabtebll, Col. James E., and Vanbbnen, Col. D. C.— General Report on 
the Revenue Survey Operations of the Upper and Lower Circles 
* for 1871-72, (1873), flsc., Calcutta. 

I'HB SUB^^lY. 

Bombay. — General Report on the Administration of the Bombay Presidency for the yeai* 
1871-72, (1872), 8vo., Bombay. 

Bombay Government. 

Selections from the Records of the Bombay Government, No. 130, New Series. 

^Papers relative to the introduction of revised rates of assessment 
into part of the Niph4r and Ohdnddr TMukds in the Nasik 
Collectorate, (1872), 8vo., Bombay. 

Ditto. 


British Bubmah-— Report on Hospitals and Dispensaries, in British Burmah for 1871, 
(1873), 8vo., Rangoon. 

Chief CoMMissxoNBR, BifTieH Burmah. 

Htdrabad.— Saunders, C. B.— Administration Report by the Riesident at Hydrabad, includ- 
< ing a report on, the Administration of the Hydrabad Assigned 

Districts for 1871-72» (1872), 8vo. 

Resident, Hydrabad. 

India.— 'Annals of Indian Administration in 1871*72, Vol., XVII, part 1, (1873), 8 vo*, 
Serampur. 


Government of India. 


Oovemment of*liidia: Civil Budget Estimate IJaie year 1873r74, <1873), flsc. 
Calcutta. 


Ditto. 
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Boohe- Dwforjr. 

lupii,— lAiit of OivQ Officera holding gazetted appointments nnder the Go^m^eOt of 
India m the Home, Fomgn, Financial, and Legislative Depart- 
ments as it stood on the 1st Jnly 1872, (1878), 8vo., Calcutta 

Govbbnmknt of Ikoia. 

Selections from the Records of the Government of India, Foreign Department, 
No. 100, Report on the Political Administration of the Rfgpootana 
States, 1871-72, (1872), 8vo , CiJcutta. 

Ditto. 

Thuillisb, Colo^l H L.— General Report on the Topographical Surveys of 
^ndia and of the Surveyor General's Department for 1871-72, 
(1873), flsc., Calcutta. •» 

StrBVBVOB Gbkbbal of India. 

Madbasi —The Madras Expeirimental and Model Farms Reports for the year ending Slst 
March 1872, (1873), flsc., Madras. 

Govbbnhbnt op Madras 

Mysobe —Report on Public Instruction in Mysore for the years 1870-71 A 1871-72, 
(1871-72), 8vo., Bangalore. 

Mtsobb Govebnment. 

North- WiifiTBBN Pbovinces. — Selections from the Revenue Records of the North-Westein 
Proviifbes, (1873), 8vo , Allahabad. 

Government of the Nobth-Webtbbn Provinces. 

TRANSACTIONS OF SCKJIETIES. &c. 
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mtA ot the ^ih of f^r. Stoliesika will have npiead tonkany and disfant 
laikdt Moit tm Moord een be published. AmonOfl'tnralUto emywhete it will be 
leii ihflft a Kf^ of dtetingdebed merit and of vevy high ptomiee has been prematarely lost 
to fDleieee^ Vo ^tiie Oeolo^cal Snrt^ of India that 1^ is in a manner irreparable. ]tn 
flho OImI over increasing world of natnraluts the disappearance of even a fbremost 
mill ii rnnly Mt through reflection t it is among his immediate colleagues and in tboScene 
of his b$om that the loss of such an one falls as a very present calamity. To those who 
haire known and worked with Dr. Stollcska bis wly death be a life-long regret. 

Dr. jfltolicika's career commenced on the staff of the Geological Surroy of Austria. 
IKnoe 1862 he baa been pakeontologist to the Geological Surrey of India, in which capacity 
ha was chiefly engaged upon the iPalwontologia Indiea. By singular good fortune bis 
Work in that ptthlicatiott has been left in a very flnishod state. Only just before starting 
with the mission to Kashgar he had issued the last number of the series descriptive of the 
Cretaceous fauna of Sonthem India, completing four large 4to. volumes. This work will 

form a lastlDg monument of Dr. Stoliczka’s power ttS a naturalist. 

« 

HU numerous contributions to several brancbes of Zoology do not call for mention 
bare) but speoiid np^ must be taken of his work as a Geologist in the field, and which, 
as unfinUh^i might escape the attention it deserves. That the summits and plateaus of 
the ^hetan region are formed of stratified rocks representing palseosoU, secondary and 
tertiary formations, had long since been determined by several explorers. Stoliczka was the 
first to give an adequate sketch of the sequence and range of those deposits. His desorip- 
tion of them, in the fifth volume of the Memoirs of the Geological Survey, the result of 
two trips made in the summers of 1864 and 1866, will form the safe basis of all future 
work in those regions. Ko one but an accomplished paUeontologist could have achieved 
such results in so short a time. This work was an essetlaal preliminary to the full geological 
study of that difficult ground. 

The completion of his Himalayan work was what Stoliczka had most at heart. His 
enthutiasm for it has cost him his life. In the spring of last year he had made arrangements 
for a visit to Bnrope, where no doubt a worthy reception awaited him ; hut when he heard 
of the prqjeoted mission to Kashgar, he eagerly offered himself os naturalist to the 
espeditlofi. Ikote who knew how be had fblt the rigours of the mountain climate on the 
oooarion of hU but visit, and who appvedated the value of his life, tried to dissuade him 
^om going, hut with no effimt In crossing the passes in October he hod an acute attack 
^ s^nal meningitis; but he rallied, and was able for active work for the rest of the 
lenrnsy, er^ fiw the trying detour oyer the Pamir in April. It was in crossiiig the 
lEorakorein on the 16th of June that be felt the first return of the fatal disease,-**this time 
In hie V0k and head. Still even on the 18ib be was able duiing the march to nudee ohsem^ 
Iboi That eyeniMhe fell into a seml-unconsciotts state, and remained so till he died 
nnen on the ISth. Hfa remains were interred with all honours the officers of the 
Wk Wlow trarrilem, on the fiSrd, at Leh, 

fimtin him, ^ted the ISth^ he *wrote disparagingly of the geologicid 
to ntaompUifii, the grenmd hating been ibr the most ps^ deeply 
ffi^e.hndpinbaS^ ibeidy j^ten nsall the leading features in the seteral 
^ mpAhlMmdinour Of the rare cooibgieal colledtiona he had 
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GB(U.OaiClL OBSBBTATIOKfi ICAOB OK A VlfilT TO THB ChAOBBKKL, ThIAK SBAK BAKCFBI, 
by Db. F. StoXiICZEa, Naturalist attached to the Yarhand Nmhassy. 


After a stay of nearly a month in our embassy quarters at Yangishar, near Kashgar, 
the idiplomaoy of our envoy secured us the Amir's permission for a trip to the Oh^erkuh s 
situated close on the Bussian frontier, about 112 miles north by west of Kashgar, 
am0Dg the southern branches of the Thian Shan range. Under the leadership of Colonel 
Qoi^on, we-**-Gi^taui Trotter and myself^left Yangishar about noon on the last day ol 
lS7p, receiving the greeting of the new year in one of the villageB of the Artush valley, 
unmft 35 miles north-west from our last gjuarters. On the let of January 1874 we mmh^ 
up the Toyan river for about 20 miles to a small encampment of the Kirghis, called Chung- 
todh; and following the Toyan, and passing the forts Murza-terek and ChakmAh» w< 
camped on the fifth day at Turug-at-bela, about 11 miles ^uth of the Turi;^ pass, beyond 
which, five miles further on, lies the Ohaderkul. On the sixth we visited the lake, and on 
the. day following retraced our steps, by the same route we came, towards Kashgar, whicl 
we readied on the 11th January. 


< Having had a shoofang day at Turag-at-bela, and one day's halt with the, King's oh 
li^g officers at the Chakm&k fort, we were actually only mne ^ys on the rmatchi during 
which we a 43 eompUshed a distance of about 224^ miles. It will be readily understood, thal 


tlffis marching, there.was not much time to search for favorable sections in out-of-fdK 
way places ; but merely to note wbat was at band on tbe road. I can, therefore, only 
diiqs my geological observattons as pasdng remarks. 

I Iteavittg the ettensive Idss-deposits of the valley of tbe K^hgar Da^ia, tlie plidn 
gnjdualiy towards ia loir ridge, of which 1 sh^ speak as the Art^ raqge. ^ 
uniform in it» elevation, averaging about 400 feet, somewhat inereamng in tb< 

we# and diminishiiig towards the east, wirioh direction is its 
sep^1#1the Kasl^or plain from the vdky of the Artush xiti#, ' < 

I abwtt eigh t miles nesrly due, sorih ^ef die city* , fitmn this^i^ 

iVmy leg^ly furrowed and wea;riier-wom ou ifo 

1 ef wWoh it is composed One wodd have, how^, hfe^i j^ned,^^ it 

wuu of bUded day and sand, mostly ydlowisb wldH radish, and som4 

es w^intmstrariM layers d greater jxnmsteni^, 

‘ Qn &e left bank, in the passage le^ the river thcim#«^ hs^ app#i^^i; 

li aenily d^ng towmds the Ki«^ wHh 



gg :. ^ !;▼<». TH. 

<«-°“rf" ?» ‘i’SlISStoliSSiSS 

iSssgsSJrs^ « . <»» ^ 

t ^:#Sa»mietti dope, of tte ridge a«. «m 

'i''-^^ % 1 *. j. *A tKA tet>. aatunnois Ji«r® ® tladn*^ of from Iv to lo lee 

^ »,,P ir . 1 Ji.. a.i»«i«. *r*f 

tSSih# exowai^tbe tot-named loek, all the othera had been jnrt with •» 

“r;=r„z^^ ^ 

kf^ve Iteen d^ved. , 

SKTS? XCtiiTi^^f a«5^*“S?K^”ter 

Sr^SlirrrSrrS JtTri-ile^* mto remantably «gal«r Gottic pllli« 
-It k tmit with a «ert perfect toifetio® «* “*«* '>y 
tha' ttehMd eifffcoe of the g«wd dqpotdt* hi eompttatirely low, from 400 to 6M tert hb^ 

dfliwriedwaa iatereeoted by miaor etrewM and old water- 

> ititea^le o! isaM i«*thof Chongterek the ltolriBa 

oli^ ri^ to about 8,000 ffi* ahore the leirei of the * 

^SSTaS til* forfe M«teWrii hodOh^ «»» tea^ 

?iai.*.-L ,' ■ Bji u^^hotn nortiaii of tida liaiige eOiiaiata at ita hate of ttad^jlafa^ 1^ 
»B)^U& ehiri«h Oteriaita dark octenied, »oeay b^ Irte* ^^ 

wteerallT earilty, Ha»tetdiiewote5*te**^^* Uj^w* derate^ 

'“■--'Z5Ste,da.^.t9fW:^^ ■> 



»A.RT 8.3 


StoUezka ; Vmi # liU Chaderirnii, 


as 

Pfoodo^isg in a novth«W40fciily dncnetsion^ tiMi an last wdnndsiv 

MtsmtArek. Viom tUs phu»e tbs IpfMuh iMss foithev on, modi 

distuxbed contorted^ mi at last dbiaj^sar nndsr a ifiimty of daxb ooloiusd shales, 
slates, and sandstones, wi& oocanooal intsxiMiSsd liqreiri of ^lacdc, earthy limestone. Th^ 
strike of the beds is ftom east by aorUi to irM by south, and toe dip either rery high to 
north or eertiost* At Chakmdk the rirer has cat a Tsry narroir pasuge through these 
almost. Yertical strata^ which rise prempitously to about 8,000 feet^ and to the south of the 
tort appear to be orerlain by a lighter colourod rock- It is yexy difficult to say what 
tlie age of these slaty beds may be, aa they seem entirely untossiliferous, and we can at pre- 
sent only regard them as representing, in all probability, ope of the palmosoic tormafsons* 

About five miles north-west of Chskmik a sensible decrease in the height of th(^ rangO 
takes place, and with it a change in the geologiosi formation.' The palmosoic beds, a||bhoi>gk 
still crossing the yalley in almost yertical si^ta, become very much contorted ; while, uncon* 
formably on toem, rest reddish and white sandstones and conglomerates, regularly bedded, 
and dipping to north-west with a steady slope of about 40 degrees. ||The rocks, tbough 
evidently buAonging to a comparafively recent (kainozoio) epoch, appear to be mndi altei^ 
by heat, some layers haying been changed into a coarse grit, in which the cement has almost 
entirely duAppeared. 1 have not, howeyer, observed any kind of organic remtfins in them. 

A little dirance further on they several times alternate with sucoessiye, conformably bedded, 
doleritio trap. The rock is either hard and compact, being an intimate, rather fine grained 
mixture of felspar and augite in small thin crystals, or it decomposes into masses of various 
greenish and purplish hues, like some of the basic greenstones- 

After leaving the junction of the Sayok and Toyan (or Chakmdk) rivers, toidtuni- 
ing northwards into the valley of the latter, the panorama is really magnificent. Shades 
of white, red, purple and black compete with each other in distinctness and brilliancy, until 
the whole series of formationB appears in the distance capped by a dark bedded rock. 

Although, judging from the greater toequenoy of basaltio boulders, we already knew 
that tins rod^ must be found further north, we hardly realised the pleamnt sight which 
awaited us on the march of the 4th January, after having left our camp at Ku^a, or 
Bokum-bashi. The doleritio beds increased step by step in thickness, and after a tow miles 
we passed through what appears to be the centre of an extensive volcanic en^tion. Abng the 
banks ofthe river coluWar andmassive basalt was noticed several times, with oocarioaal sma|l 
heaps of slags and soorim, among a tow outcrops of very much ritered and disturbed strata; of 
red or white sandstone, thus adding to the repiarkabie contmst of the scene. Xu toont pf us^ 
and to the right, stretriied in a semicirole a r^ular old Somma; the aln^, 'perpend^ilar 
walls rising to about 1,G00 feet above the riv«r, and clearly exposing the strati^^ of top 
basaltic flows, whi(^ were aucoesslvely dipping to north-east, sash and sputh-tosti^ On opr 
left, as well as in an almost due western dir^on, portions of a sinalar Somnaa viribjie 
aj^ve toe sedimentary rocks, all dipj^ in the x^site way from;tho|m us. T^ecoue 

ito^ haa.'in xiralitf estinly diMppea^ by and ibe SM w^b ih» nb> 

]t^' of b^ta^iidgbbaoniig niolu. .• i 

fall, wad iatan^iMd by Jhort ridge. «ibb OHy-iiipMS «*. faeNwn-^lWI^ 

Mdt^OQpfbrt.: Tbk iindiil.^bigb p)iMw ^nmdi» 
tnmmvttji veer rieb 

ffat tye'liM duMcte iri Ito Hw teolbilfiMIril 'in»eb<im«eeaii^ 

vt ItntegtwM ' gH|*ril»' w>d ydibld. tA 'Wirijir ubifly •riecdiieyiil^if'; iniied 
ud driritui^ oiideBtiy detind btm 



^ jSteor40 (tf ihe Oeoloffieal Snrv^ of . to. 

or th^tertUiy iutd«tOB» croppag oat irem-im^mtlio iwm 

■■' ■• "■ ' ■ ■■ 

M im dievilUd poiiii^xi laear ot)v omp ^ Tonif^ 

; jOf^^ beds^ weU wiMijfnuw vef^tioii^ wbM seen to rtrotdi &r 

' and ini a naA-easii^ direotlott aen^ tiie Tonig pan j; While on Hio eobf^ they 

the somewhat higher basaltle hills. TowOiedi tiie wOst 
d» about seven miles, aeross a Wpass atwideh atributaiy of theTojrMi 
xb^a in two bn^u^ while^on the other side two siinilar streams flow west by sou^ to join 
the 8uys3c river. To the north the proxiinity of a rather prefii|utously rking zai^ shut tllb 
rest of the world out of view. For this ridge the name Herek-iagh of Humboldt's mi^ may 
be retained ; its average height ranges between abont 10,000 and 17,000 feet. In its western 
extension it runs almost due east^west, eomposed at base of a tough limestone conglomerate 
of yoiftiger tertiaiy origin, followed by white dolomitic limestone, and then by a euocession 
of i^ty and dark limestone rocks, the former ocoasionaliy showing distinct signs of 
xnetamorphism, aM changing into schist. All the beds are nearly vertical or very highly 
inoUhed, dipping* north by west, the older apparently reatii^ on the ymmger ones, 
ll^orth of Tunig^at*bela this range makes a sudden bend in an almost northeny direction, 
itnd continues to the Chaderkul, where it forms the southern boundary of the lake-plateau. 
By this the white dolomitic, and afterwards ike slaty beds, had entirely ^jlsappeated, 
and with them the height has also diminished. A comparatively low and narrow branch of 
the range whidb we viaited consiats here en^ely of dark limestone, which in single frag^ 
ments is not distinguishable from the Trias limestone of the Kokian mounhiins, but here 
it does not contain any fossils. The ridge itself, after a short stretch in a north-east- 
by-north direction, gradually disappears under ^e much younger conglomeratic beds. 


Aorois the Chaderkul plain the true Thian Shan range was visible, a regular forest of 
peiks seemingly of moderate and tolerably uniform elevation. The rocks all e^dbibitcd dark 
tints, but most of . them, as well as the hills to the west of the Chaderkul, near the sources 
of the Arps, were clad in snow. The lake itself was frozen, and the surrounding plain 
covered with a white sheet of saline effloreMnee. ^ 


Britfsketeh qf the geolo^al hUiorg qf the hill ranges fracersed.— -In order that the 
pmi^ng remarks may he more ea^y uudentnod, 1 add a words regarding the changes 
which appear to have taken place It close of the kainozoio eperi^ within the southern 
oi&hoom of the Thilu Shan which we visited. 


Short as our sojourn in the mountains was, it proved to he very interesting and 6qo|^]y 
inllraotlve. Humb^^'s aoeount of the, yojjoanicify of the Thian Shan, chiefly taken flrom 
CSimese^ sources, zeemves i^at supp^j We must not speculbtn Ihrlii 0 r beyond conflkiQg 
' ^ meso- auA^^ rocks will be flHind;amplty x^raseuted 


; researches in the iphysical aspect 4^ ccnmticy ex^^ 

nm ^ : the ' TImk Whk^ is ^e norihcmmoi^ 
hy the wifleh beflhts ite Kaid^ar 

“^Jj^-rdasrease m the eama^pldW!! in their absolute lls^ muck 

Ih se^oaentaiy the Mond of 

$irte.,iwliile, yenugm'^'Maaiy 'and ;baae^]«dtiib flo^y 

H ii0illy;,so$ this -jl&m^Vmddeaflly. dalkig 
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dMtetiee tbe two tBmgoo dimiiikhing westward, while in the dt>posito direction it 

mnstscbn more than doable. Judging from the arrangement of the pebbles, whioh, as 
already notieed, are hldf derived from limeetone, the direotioii el the old drainage mnst have 
been irom west to eaat» and moat have fmmed the headwateo of the dksai river, which on 
the maps is recorded aa rising a short distance east of the Ohaderkul. Similarly, the gravel 
▼alley between the Kdktan and Artush ranges indicates a west to east drainage, and its width 
appears to have approidmately averaged 20 miles. About three miles north of Ohungtorok 
a secondary old valley exists, also extending from west to east, and is diametrically cut 
across by Toyan river. In this vaUey, wbioh was formerly tributary to the%»e lying 
more southwards the gravel beds accumulated to a thickness of fully 100 feet. As the 
Artush range did not offer a sufSdently high barrier, masses of the gravd passed locally 
over it or through its gaps into the Kashgar plain, which Itself at that time formed a'thizd 
large broad vall^. 

Thus, at the dose of the volcanic eruptions in the hills north of Ohakm&k, we fin^ 
three river systems all flowing eastward, and made more or less independent of each other 
by mountain ranges, about which it would, however, not be fair to theorize (in the present 
state of our knowledge) on the causes of their assumed relative position. It must have been 
at that time that the pebbles of protogine were brought down from some portion*of tbe bills 
lying to tA west ; and it would be interesting to ascertain whether or not this rock is any- 
where in that direction to be met with in Htu, When the turbulent times of Vulcan’s reign 
became exhausted and tranquillity was restored, the whole country south of the axis of the 
Thian Shan must have greatly subsided, and the wider tbe valleys have been, tbe more 
efibctively was the extent of subsidence felt. To support this idea by an observation, I may 
notice that north of Chungterek, at the base of the Koktan range, the Artush beds have entirely 
disappeared in tbe depth, and tbe gravel beds overlaying them dip partially under tbe 
Trias limestone, a state of things which cannot be explained by denudation, but only by 
subsidence and consequent overturning of tbe older beds above tbe younger ones. A similar 
state of things is to be observed on the Terek range, where tbe young tertiary limestone 
conglomerate is in some places of contact overlain by the much older dolomite. Now, if the 
broad valley of the Kashgar plain sank first, and gradually lowest, aa it in all probability 
did, we find a more ready explanation of the large quantities of loose gravel pouring into 
it and accnmnlating at the base of the Artush range. ^ 

The sinking in of the volcanic centre north-west of Chakm&k first appears to have 
drained off the former head of the Aksai river, making it tho head of the Toyan instead; 
and to the north of tlie Terek ridge it was most probably the cause of the origin of'the 
Chaderktil. The subsidence of the county Mowed in the south, making it possible fl>r the 
united Suyok and Toyan rivers to force their passage right across tbe Koktan ranges 
strengthen tbe Artush river, cut with facilliy through the Artush range, and join the Kaahgar- 
daria. While thus indicating the course of the comparatively recent geological history of 
the ground, it must be, however, kept in mind* that thia change in the system of drainage 
had no essential effect upon the direction of ihe hill ranges. This, dating firom much older 

was mainly an east-westerly one, following tho strike of the rooks whichjeoniposo tho 
whole mountain aystem, 

Kashoae, 

January 1874 
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Seeortb of He Geological Survey of India, [tol. vit. 

(he foregoing peper was in type, the oalamitons news of Dr^ Stoliezka’o 
deatil hen htmn Ttoeivefl. This opportunity is therefore taken of pubUehing a Ihir last 
^geol«|Mil nsotee ootnmuaicated in a private letter* The Mowing is a letter dated Kila 
Pahi* I4th April 1874,*^ fi 

^^^e crossed iarom Yangihissar to Sirlknl in ten days; and after two days* halt at 
fiudi plaoCi crossed Pamir Ehurd in twelve days. The last few marches on this side 
were ah^at the worst we had. The road is very bad, and the daily snow-storms so heavy, 
that on ^ne day we were not able to make more than five miles. Wakhan itself is a 
miserably poor country ; and it is a question whether we shall be able to get enough supplies 
to take us back, if we do not geksomething sent up from FyzabaA Our ponies will require 
at least twelve days to recover from the fatigue they had on the little Pamir. Whether by 
that time the road by Pamir Ealan will be open is very questionable. 

^*1 ought to tell you something of the geology, but it is in very few Words, ^ere 
wre no younger rooks ^e whole way than trias fimestone. The Pamir Ehurd proper is all 
gneiss and metamorphic schist. Do not imagine that the ' roof of the world ’ is an elevated 
plain ; nay, it is a mere valley, well supplied with gneiss and boortsee, and from two to three 
miles in wi^th. Prom the hills to the south, glaciers come down almost into the valley ; 
while the hills on both sides were deeply clad in snow ; so much so, that for severfl miles not 
even a fbw square feet of bare rock was visible. If we go back by the Pamir, I shall try to 
make g, bolt of two days before reaching Sirikal, and examine the triassio limestone. The 
idd slates give no hope of yielding any trilobitee.** — ^Editob, 


Ok thb fobhbb bxtbksiok ov GnaciBBS witbik the EuraBa Distbiot, 
by W. ThbobjUiD, Geological Survey qf India, 


The subject of the former extension of glaciers along the aonthem slopes of the 
Himalayan ehaln to far greater distances than they now 
reach to, might at first seem of necessity to involve, for 


Frolimliiaiy iviBsrki 


the due treatment of so comprehensive a question, the examindtion of a &r wider area than 
1 am about to review iiv my present remarks, and this to a certain extent is* true, for 
the phenomena in question undoubtedly form hut a portion of a very grand and widely spread 
display of glacial oonditious extended over an area which, from the insufBcieiicy of our 
data, it were at present premature oven to endeavour in the moat general way to indicate by 
limits; nevertheless, as it js hardly possible for the more enduring results of long continued 
gltcisl conditions to he b^r stuped or more chafacteristicly displayed than in the tCdngra 


district, and as the sulijeetk moreover, is one which has been rather nqgleoted by previous 
writers, I conceive that a few remarks thereon, even confining myself to the limited area 
iadieaM, will not be altogether withent interest and value as a basis whence future obser^ 
vntkmaiauiy beextaded^ in sn eastern and western diinctiim. 


|{<atnimNi>, the meet striking no lees timntke most snduring of the products of glaoiation^ 
ft feature of the surface of so huge a portion of the Kdngra district, 
k of the least obsenraixt travdler is rivetted by them, and 1 had hardly set 
, before X was <|iiestioned as to the origin of those trains of loose stones 
r istd whose geDsr4 ftipeot wae so diftiimt 

of swept dim by sfoeams mauoh 

to id diSoalt to refer tiimr tnasport 

to tto it stcosm and anggest^ rather the ititarvsation of some mysterbns or 
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5- Medjfootfc in jn» ^ ^imlftJw .Geolngy ^bited Jannaiy 1864 in 
^ Yol» ill of IsliA Memoixs of the Qeological Survey of India, 

ma to drap attention to the presenee of 

^erratic* blocks atong tt^**base of the Dhioladihir '* and to. xoooxd jbhrir oooarrence in thin 
region “ at so inoonsiderwle an elevation ae 3^000 feet," but no attempt is made to define the 
precise limits within which these ermties oodnr, or to map their come. , In fixing their lowest 
limit too at 3,000 feet, Mr. M^cott has somewhat erred on what may be termed the safe 
side, since the fort of Kangra, which is the midst of them, is no more than %419 feet above 
the sea, white 2^000 feet may in round numbers be taken as the mehn elevation of the isother- 
mal line, coincident with the limits of the terminal moraines. The statement, too, that 
erratics first appear on the “ east about Haurb&gh " is likelyHb convey an erroneous impression 
. as I sbaA hereafter show, since though undoubtedly there is a very sudden development^ as 
it were, of these * erraties* from Haurbfigh westward, yet their absence eastwards from this 
poii^ is doe to denudational causes, and not to a sudden or local development of ghunal 
phenomena continued along the flanks of the Dhfioladh&r range, west from Hanrbdgh mereljr, 
but of this more in tiie sequeL 

Dr. Verchbre, in lus account of the Qeology of Slashmir, the Western Himalaya, and 
Afghan Mountains, in the Journal of the Asiatlb Society of 
Bengal for 1867, Vol. XXXVI, Part II, page 113, describes 
erratic blocks north of the Salt Range, in Latitude 33"N« 
and refers them to the agency of floating-ice ; but there does not s^m anything in His des- 
cription incompatible with the idea of these blocks being the disintegrated reinnants of old 
moraines, rather than due to the transporting powers of floating-ice ; and it is, I think, rather 
more probable than otherwise, that they will prove to be strictly connected with the erratics 
of iQingra, and of cotemporary origin, during the glacial period to which my present ohser- 
yations refer. Speculation on this point is, however, premature, and must wait the result of 
observations over the intermediate area, which have yet to be recorded. ^ 


Dr. TerobSre. 

Kctloe of eztatios end floating-lee. 


The task of tracing out the course of the moraines which descending frimi the Dh&bla- 
dhfir range pushed boldly across the Eflngra disfrict, is rendered unusually easy from the great 
contrast whidi exists between tiie rook of which the great mijorily of erratic and moiuine blocks 

Oo;«at.tUmrf mo«ln«. « «n«rt wd the ter^ »d Mndetone. 

lie. Near the boundary of ^ . tertiaiy g^ups, the errhtie 
blocks almost wholly consist of an easily recognised grauitoidal gneiss, usually highly 
{Kirphyritic, forming tbs central mass of the Dh&oladh&r range, end WBeb rook, only towards 
the eastern extremity of the district, assumes a distinctly sdijbtese or fissile habit, which 
proclaim its relation to the gneissose oiiimetamoiphio group of rooks, rather than to an 
intrnsife rook or granite proper. After trayersing, however, for some dietanoe the area 
occupied by tertiary mks, the moraines ars.found to connsti^ in addition to the ga^ of tiie 
ph^lad^r, of an ever increasing admixtuTS of. wtil rounded and wattir-wom bbulders, from 
4 inches up. to 9 feet or more in gii^, of . the^birder ecbistose avid svlicious rocks, 
derived from the coarse boulder co^lpmcmtiie eonstitnting the t^^permcM^ beds of the 
K&hun, or miooene tertiary, group through which the old gibers plov^hed their way. In 
prdporiion, W with tiie decrease In number of tho Dhdola^r erratics, oompsi^- wfth the 
other materials of the moraine, a dUhtnutiofi in shm niay be m^ked» tiU 
ah occttnonal smi^ boulder, to be detected only here and If carefully' ^ 
xrandimhf tiieDh4olaidh^ gnriw, to indicate by its toU-te^^^hamh^ the fo^^ e^ 
of the glaitier on whkh it had iravslledso ^; ai^ it can tiM^^ be readUy undetotpod 
how, to i^e toM, the actual eiteiit rf ma^ 1^ tiian 

to Ih ftom tiie'dif^uliy; in the lOwcnee of tim sf^iHair rook, df dlsorimitih^ 

betwe^ materihis properly beloii^hg to ito niototoe the ^ pswisely stniilar! 
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wbm ^6 ttmtim lifts eitlier ceased or become wasted and enveloped in deppslts doe to 
ataoi]^liefells Imd dnvial agency as opposed to gliunal, the more so as the moraitieB thehoaelves 
bftftOf tffaleetShO period of their dnid arresti been evei^ywhere sulgected to the enecgedo opera- 
ihota Of H m fiMer foroes. The actual limits* however* within whidlltt is douhtfol if gladers 

fonnetly extended or not. from tiie ^tegration and 
mSSSm hs conditionsor rounding off by subsequent atmospheric acHon of their ter- 

minal moraines* are extremely narrow ; but the vast power of 
denudation in partioular pieces* and under favorable conditions of surface* and the ability 
of the eristang rivers to remove every trace of former moraines* is in many places well 
illustrated in the area under review. 

From general considerations there can bo little or no doubt* that the valley of the Bids 
afforded passage to a noble glader, to a point at least as low down as Naddon* which would 
give a course of 120 miles in length from the snow-fields at the sources of the river f but 
^e present channel of the river has since that period been so deeply and sharply 
excavated that not a trace (or such at least as a cursory examination would enable one to 
detect) exists of a moraine* snob as we know must have resulted firom and marked the course 

of so extensive a glacier. At Siq&npdr the moraine of the 
biSZSSSte ' Mcnino Stgdnpdr glacier is seen pushed right across the present 

channel of the Bids* at a much higher level than that of 
the present stream* which has made a clean and deep oat through it ; yet, though the erratic 
blocks scattered round the Traveller's Bungalow at Sujdnpur* and all over the truncated end 
of the moraine on the opposite aide of the river* are of a large rize* not a trace of one can 
be seen in the river bed beneath. This fact conclusively shows the power of the existiog 
rivers (where from their narrowed ohannel* as at Sujdnptir* their effective force is largely 
increased) to utterly remove all traces of such deposits as these old moraiueB even where«they 
contain massive boulders of 12 feet in |^h and upwards ; or what is rather more likely 
than any actual trausport of such blocks is* that when once fairly sucked into the waterway* 
they are pounded to pieces by the incessant impact against them of the hard sUicious 
boulden driven forcibly against them during floods. No one who has listened to the 
ceaseless thunder and muffled rattle of a swollen Himalayan stream can doubt the full power 
of such an agent to effect in time the above result. f 

Again* between Mandi and the bridge over the Bids* below that town* undoubted traces 
urfarof BifflL ^ ^ trunk moraine of the Bids valley* 

^ where the present vallqy is rather open; but just above 

and for a long way below the bridge* the river gorge is swept perfectly clean* as with a 
besom, of all traees o£ a moraine^ such as may beliioiiced a little higher np ; and this would 
seem to be geneiatty the case where the valley narrows* or is nnns^ly precipitous* either in 
the main ohannel of the Bids, or in the channels of its tributaries* the power of mbrainSs to 
withstand the erosive action of rain an^rivers depending far more on the physioal oharaoter 
of the gorges they oeenpy* and the slopes whereon they repose* than on either their bulk and 
diiniiinsioOs or the magnitude and character of the materials of which they are composed. 

The HI (Ool) river which enters Ihe Bids above Vandi tskes its rise in the continuation 

^ Vstesfilhsm. ^ snowy peaks whence the glaciers of the 

idSogca district descended* and no one who has examined 
Wtkii »4dLsnride«niip m (Kumult* can ^tmrtain the 

I. t enormous glader must have once traversed the vall^ of 

... ^ the Uh debouching into the Bids irall^ and uniting with 

the gmat trunk^^lacler of that rivor above MaOdL But 
, no trift Of mty morMbsa could be detected In that portion of the HI valley near Jatingri 
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ezAmined If tne, «iid a por&istij aioqiiafce ez^Unatioii of this oitoamstanoe is, I think 
affiwdsd by the my steep ehavaeter of the hill sides bonnding the valley. The U1 valley 
is not only very stralgH reinierkably steeps the sides in tnsay plaees forming an angle 
of not less than dO*** so m any one who will redeet what sort of a slope in nature an angle 
of 60** representst will easily understand how impossible it would be for such incoherent 
matei^s, as moraines are made of, to effect a lodgment in such a situation, and resist for 
ages the oombined effects of doods in summer and avalanches or snow slips in spring, to 
sweep them en moeis into the yawning gulph bebw, 

A reference to the accompa|iying map will give a dearer idea of the general coarse, 
arrangement and relatiimp to each other of the glaciers 
emimera^ which formerly traversed the Kdngra district, than any 
mere verbal description ; but neither tht scale of the map 
nor* the time I was enabled to £vote to the subject suffice for any attempt at details as 
regards the various subordinate features and minor surfooe changes referable to the gladal 
period in question, though the sketch embraces all the essential points of the case. 

Between Mandi on the oast and Nnrpdr on the west (being the area to which my 
remarks are mainly confined) seven principal glaciers descended into the valley ^of the Bils, 
which was then of course filled by a superb trunk glacier to wfiich the above served as 
lateral feeders, and which taken in order from east to west may be thus described. 

1.— The Dazx:.xj Glacibb. 


The most easterly feeders of this glacier passed down through the village and thannah 
The Bail® laoier Haurbfigh in Mandi, and after being joined by several 

equally large or larger glaciers from either side of the 

village of Dailu, the united glacier descended the narrow valley of the Bfina river, whidi 

joins the BUw ten and half miles below Mandi. The most wester^ feeder of this glacier wae 

formed by the bifurcation of a huge glader, which descending nearly opposite the village 
of Aiju, there split into two streams, one of which descended the Bfina valley, whilst 
the other assumed an opposite course, and formed the most eeotorly feeder of the next 
glacier. « 

2v*-*Thb BaubXth Glacibb. 

i 

This glacier was formed by the union of several large glaciore, |||dch united below Bag- 
n&tb and pursued a course down the valley of the Bimm 
The Baqosth giMdor, lAyet, which joins the Bids nearly midway between tbe 

mouth of the B&na above and the large town of Sujfinpfir below. The most oasteriy branch 
of this glacier has been noticed above, as coming from near tbe village of ASjn, whilst the 
meet westerly branch was similarly formed by tiie bif arcation of a vast glacier, which pass- 
ing down a little to the east of the village of Banuri (Bnnooree) was split into two streams 
against the cuneiform mass of hills some three miles south of that village. 

3.— Tub Bakvbi (Buboobbb) Glacibb. 

This glacier b the smfdbst, aa ikr as the area covered by it, of any under notice, ^d 
might be regarded almost aa a satellite of the next, with 
Thepsnsri gbeisr. whhfo it was probably intimsMy conneoted, but aa some of 

its moiuines readbt tbe Bi&a by a separate course it is enumamted with the rest It conabted 
mainly of the westerly foeders of tbe gbebr above described as Mfurcating south of Banuri, 
with some <foseurely defined c(mtributmj$s, still more to the west, and joined the Bids seme 
few miles above Sujdnpdr. „ 
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A 

This Teiy hurge glaoier was composed of several parallel and inosculating streams, all 
mnning .with a oomparatiyely straight course past Burwlur- 
Tbswapflrgteder. ^ Siydnpdr, the main aixeain having 

evidently descended along the course of the Negdl river* 

5.^Tas HABipdn Glaoxib* 

This was the largest and most interesting glacier under notice. * The most easterly 
feeders of it passed close under Dhfir bungalow past 
The Bariper sleeler. Puthiir, and thence with agrand curve south of Nagroteh ; 

whilst the most jvesterly feeders descended close to Bdghsu cantonments. Between these 
limits a number of glaciers descended from the lofty Dhdoladh&r range, pierced the outer 
range of schistose rocks, and coalescing below Edngra into one mighty stream plonghed their 
lesistl^B way through the tortuous gorge of the Ban Ganga, past Haripdr, and through the 
village of €k>dmr (below which large erratics are scarce) as far as the village of Ghori&l 
(Qhooryal) or perhaps even farther. 

I ^ 6.— Thb Guj Glacibb. 

This glacier might bo appiopriately named after the village of Nagroteh, near which it 
debouches into the plains, but as there is a bettor knoi^n 
t The Of^ glaeier. village of that name, mentioned above, east of Edngia, it 

will obviate confusion if the name of the nver down which it passed is substituted The 
most easterly feeders of this glacier descended a little west of B&ghsu, the most westerly 
ones, a little west of Bihlu (Rihloo). 

7.— Thb JawAxj (Jitwalbe) Glacxbb. 

This glacier, the most westerly one in the Edngra district, was combed of two main 
branches, one from the east, flowing under Tilokndth, whilst 
TheJsirA g er. other passed down close under Kotleh, below which 

place the two united, flowing from nearly opposite directions, and together passed down the 
gorge of the Darh river, debouching into the pWns at Jaw&li. Below Jaw&li the moraine 
of this glacier, mainly, peihaps, through the action of subsequent atmospheric forces, spreads 
out into a fen-^shaped talus (and the same is more or less obsirvable in the case of the Guj 
glacier also), so thalf^ts precise termination is not clearly marked, but it not improbably 
extended to the Bids either independently or after uniting with the last. 

In speaking of the glaciers ennmerated above I have used the past tense, as 1 am nn- 
certain if at the present day even so much as a permanent 
Biiituiggiadsmofthteiea^ remnant remains of some of them; though to the eastifard 

of the region they originate in, towards the head of the U1 valley^ snow-fields and glaciers 
are represented on the map* Whether or not shrunken remnants of any of them still remain 
pent within the deeper vallies among the peaks of the Dh&oladhdr ranges is of little 
moment, since the precise coqrse purau^ by them is no less plainly marked by the Cyclopean 
trains of boplders they have left behind them, thai^ if they were still present to our 
gpestm the& ongine} proportion8».<ir * 

^ wltirin the diatriot present everywhere such similar features that 

iftniiiMi fuBusia* * deseription of erne them will imtMu muiandia stand 

» •■ep** for all the rset, the differenees between them being confined 

to Ijbds and the aseondarir dharaeters isopmsed an them by atmospheric action, 

and the extent to wUeh they have be^ out into and abraded bv Bxistiutt streams. Descend- 
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ing from central peiJcs of Db&oladliir rcm^^ in tke fom of sinuous streams of 
boulders, r^ed, angubur, and asai^Te, many of which attain ov&n SO feet in their greatest 
diameter, they fraverse by namw gcoges the range of hills eompoeed of tchistose rocks, in- 
tervening between the Bh&oladhdr range and the plains of the E&ngra district, on reaching 
which they expand, inosciilatmg and coalescing in the c^en ground to such an extent as to 
cover tiie greater portion not occupied and defended against invasion’ by hills. In fact 
Former Bppesmioe of KSosm dls* so complete was the union of these glaciers that the whole 

of ^e area shown in the map to have been traversed by 
them must have presented the appearance of one huge ice-field, if we can rely on the 
evidence of the perfect mantle of moraine material which now covers the ground. 


The size of come of the gneiss blocks which have travelled well out into the plains is 
atse of surprising, till the mind fully realises the quasi-omnipotent 

power of the agency involved in their transport. Near 
Busnur south of Eihlu, I measured one block embedded in a field by the roadside, 125 feet 
in girth, and in this and other cases the present dimensions are probably much under the 
original size of the block, from, the desquamation of the snriace under the action of frost, 
sun, and rain, and in some situations by the friction of stones swept against them by 
streams. Agfdn, between B&ghsu and D&rb, four blocks in the immediate neighbourhood 
of the road measured in girth, respectively, 100, 125, 134^ and 140 feet Blocks of this size 
occur, ofii'course, but seldom, but those from 70 to 100 feet somewhat more commonly, whilst 
blocks approaching 50 feet in girth are too numerous to reckon. So great is the abundance 
of the rocky fragments brought down by these glaciers, that the entire country just outside 
the narrow schistose range, which skirts tlie district to the north, is so covered with them as 
to leave no other rook visible ; and but for the fact that none of these blocks can be seen in 
situ, and for the section occasionally revealed in a deeply out river bed, the casual traveller 
might very naturally consider the whole area he was traversing to be granite or gneiss. 

The process by which this condition has been brought about is a very simple one, but at 

Fan-riuiHKI npnrioD of gtaeto. ^ striking proof of thef^magnitnd. <rf 

on quitting tiie hUls. the forces at work, and the duration of the period during 


which they were displayed. On qui^ng the narrow gorges in the hills wherein they had 
hitherto remained forcibly pent up be^een rocky walls, the ghM»Y8^t once expanded, partly 
through the natural tendency bf a piled up mass, possessing the known plastic character of 
glacier ice, to spread out on a level surface, under the simple operation of gravity, and 
partly to the lateral displacement which later glacial acoesnoni descending such gorges 
would receive from the accumulated morainls of earlier years, heaped up in thw direct 
path, either during periodical meltings or during the secnlsr retrocession, probably not a 
Gontinnonsly uniform process, of the isothermal line of the terminal moraines of the whole 
group of glaciers in question. Exception wiU doubtless be taken by some to the idea of 
exponnon through plasticity having had any appreciable influence in produohxg any lateral 
divermen of the moraine when they enter the plains, and I am prepared to admit the subor- 
dinate operation of this cause to the second one I have mentioned, bat that it was a vera 
causa, to a certain extent will, I think, be admitted, if due weight is gisfen to the probable 
dimensioBS vocally of the glaciers in question. If, as has be^ .condiisiTely established, 
a sAaliow glacier can q^^idruple it(f thickness when comptessed between narrow limits, it 
cannot be theoretically denied the power of reassaming a shallc^r, that is, a mm 
form, whm, on Issuing from the hills, it becomes rdieved from aU pressnm ^viflg a te^ 
dsney to imnnteractfheordiiiafyefl^ of gravity on a plastb body, baavUy by 

thefvessmre of the enonnous moraines isopported by it» winch can hardly be so insignifioaiit 
as with time to prodnee no appreidabie resuE, Thirly or 40 fiset is no wmommm ihiA** 
ness for one of these E4ngra morames^ and 1 greatly donfat If in some oases a hoitdjmdrfret 



Qf ihe OBologieal Survey of India. 


[voii. irn. 


Hot |mb 'HH Hiidw OBtiHiftto. If tlion wo moko oUowhdoo fijr tko iHioniuiigled too oxid 
onov^ iidMi mHit Iwwe oei&etited tibia ^^odlgioiui maos to§etlier, we Bball not gveoUy «» if 
‘ne the ptoieiure it mnet have eiorted on the sieder, wkevoon it rested as equal to 

a iMMa of solid granite of one^balf tkat thickness, a force amply snffieiant;, when ap pK^ 
tosftelt a Undkstratumof plasiaO* glsiner fee, as wO mast suppose to have been associated witb 
SttCll moraaiieS, to have ptodnoed a very sendhle lateral expansion of the ice river, 
i^tlatke, if no mow, of that expansion or lateral deviarion, a tendency to which all the 
moraines, mow or less, at present display on debboch^ from the hills. 

!Ehat later glaciers have thrust past earlier ones, and intersected their moraines,^ seems 
scarcely to admit of a doubt, thereby producing an irregu- 
Deviattou of glacisn. larity and confusion in the arrangment of the erratics and 

materials of moraines spread over the country, at first suggestive of the less regular or 
sporadic agency of floating-ice rather than of glaciers, whose frequent inosculation has been 
the real cause rf the irregularity in the network of resulting moraines. 

Along the course of the road from K&ngra to B&ghsn numerous illustrations of the 
conditions sketched above present themselvee. Long lines 
KSagm to nsgbflu. ^^011 to stop abruptly and sink out of sight 

beneath the soil; sometimes indicative of the arrest, either temporary or final, of the parent 
glader, at others of the disruption and truncation of a moraine by a glarier of Ipter date 
purauing a nearly coincident course. Near BogU, after passing the temple and tank of 
Gangabarabi, the road skirts a low ridge, with a well-marked moraine on the right— a long 
» string of erratics, whose course is sharply defined; but on turning the end of the ridge, and 
looking towards the village of Ich-hi, the countiy is seen freely overspread with blocks in 
which no regidar order can be made out. 

The suggestion of Mr. Medlioott, as to the p^ble intervention of the agency of 
ooaeMTs evl. floating 4 co, in distributing erratics in K&ng^ here oc- 

Cenoeof, curred tQ«me, but 1 was eventually led to reject the idea, 

from the fact that, as far as my observation goes, these erratics never ascend beyond a 

certain relative height, which being no greater than t^t within winch the traces of glaciers 
are found, goes fiir to disprove the intervention of Sij other agen^^ for the distribution of 
tiie blocks in questiem. It is of course obrious that floating-ice and glacders could not have 
ootempbranoouriy oconrred over the same area, and the fact that no erratic blocka aw known 
in the general IknitB attained by gladers as fixed by "thrir continuous 

ntmiwr of moraines, is hdnoe almost oondusive disproof of the agency 

KSogm. of floathig-ioe within the district. The wratic hlocks^are 

so marked in dia^ndier that they oould scanriy escape detection, if they oocoiwd beyond the 
Umits above ass^^ to them, and thia, fbr a negative argument, must be allowed unusual 
If then tim above cc^usion la correct, the mow perfect and Mneal morainea aw 
the youngest^ end (tdvkd atmospheric denndetton iq^art) exhibit the pwdse appearance they 
didaeav l^ waniii^ of the glacial oonditioiis In whi<h they originated, whibt the more 
iMfejfelM mnat^be regarded as the fesgmentary remnants of mow 

anci^it M^^ henPL,Jo|^^ aiaoe destiK)^ by surface changee 
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iUl the K4pgr^ aa^iiiiieB have a veigr mM or * hog-badced ’ outline, and am alwaya 
eeparatad 1>; a mqie or lees maeked valley urmTine from the bills round which 

they pass. In the ease the laiger moMnesi the resulting offset on the landscape is 
rather ouriaus : hills 'tiiewed aoross one of these moraines have a peculiar sunken or ‘ hull- 
down ’ appearanoe^ *&c»& the crest of the moraine intercepting all view of their base, as 
the marine horiaon does of a vessel’s hull at a oerttin distance^ and trees and villages 
situated on the opposite slope of one of these moraines from the observer are from the 
extreme curvature of its surface similarly concealed from view. 

Another feature of the surface, occasionally very prominently displayed, is the rapid slope 
of a moraine aoross the valley, wherein it debouches. This is well seen in the moraine west 
of Dailu bungalow, in the rapid slope of that portion which passes from Aiju down the 
course of the Rdna river. The river running past the village of Dailu brings down no 
erratics above that village, but Dailn itself stands on the verge of an easterly branch of the 
same glacier which joins it lower down. 


1 will now describe certain physical peculiarities of surface in the Kdngra district 
PhvfltaAi featiutta In KSnM rfiguit. directly connected with the glacial conditions which for- 
int fh>in glacial oonditioiw. merly prevailed there. • 

The Kdngra district may be ideally divided into three vertical areas or zones. 


jFSrsf Zy, a preglacial area embracing the whole country which contributed, from peak to 
plain, towards the genesis and development of the gHaciers 
let, pregladal area. under consideration ; speaking roughly and without any mea- 

sured data to chedc the estimate, the above zone or area emhraiies all ground higher than 
from 260 to 300 feet above the mean level of the present streams. 

Secondly, a glacial area, proper, embracing the entire area either occupied or eseavatdd 
by the glaciers, which may be approximately fixed as pom- 
anOtglMisl area, proper. mencing at the bottom of the above division and tenafnat* 

ing below at a level of about 150 feet more or less above the mean level of the present 
streams. 


Thirdly, a postglacial area embracing the whole of the ground below the basal 
ard. ^ division, and the result of aSrial denudation 

8rd, poatg area. subsequent to the cessation of glacial conditions. 

The first division calls for little remark save that it is the am within which we should 
most naturally expect to meet with erratics, deposited ftom floating-ice anterior^ to the 
fiirmation of the moraines of the lower ground, had any smfii agency been in operation ; 
but 1 am unacquainted witii any such, and thm^esre^ no less t han ftona tiie physical diffioul* 
ties sudi a supposition would involve, have rejected it for tile stmpto one of glaciers^ whose 
former prodigious development is so stamped on the country. By floating-ice, I of coarse 
understand ice floating at or near the sea levd, dnoe the assumption of floating-iCe in some 
elevated sea, of sufficient height to bring its waters within veadb, or nearly so, of the 
ordinary glacial isothermal of its latitude, is perfectly unwamnted^by evidence, certainly 
at least in the Eftngra dietriot; the only fine clayey ihs result of a tranquil mode 

of depoeitioi^ which could poeeiMy ^ lefafred tb such condi ti wii^ b^ 
poelglacial age» which in some ports attains ocmeiderable devslcim^ aiid which n^y be 
ro%i^ to a postglacial period (ff lacueti^nedeporitio^ ooincl^f^with a gamral* f ubtiflme 
of the whole ffl^mlay an region and the^graond spprorixn^^ 
that whiek at present obtains. HAisred ^y^ covered at ooe time ^aamnons aim 
and may not improbably mark a period of true lake: uloog the 

alopeB the Btimaiaya USm extried more oit^vely iadkattmwoiildleajd 
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na to BUjipoto; Imidaoudation has to O'^ge eitot 
ihoogK^te ibo foimd hM» and thaie if aoo^ &», M.&* 

beta^.i^llliBdHarp^- * . 

5 Ldl th^Sag of glaoW oonditiooB. and nowhere can the reUtiona of Una to the other 
diviaioQA be better eeen than near the tovn of Kangra. 

o i.* «ie JuUnnder road a^r paasing the village of Dowlntpfir, the 

ApproachmgKfagtahy ^ Lent of a ateep ridge of hills at fi^t 

Ktagfi. composed of pebbly sandstones with a Uttle red shale, 

. 1 i. 4.1.5-v \^e. nf verv coarse conglomerate, which throughout 

which soon give place to a • • nP 4 -Jia Nahun eroup of tertiaries, of pte- 

ss rsv:* 

toldd“^g^te* w «“>“ «•*«« 

consisting /if the era wu«ti ithout half wav down the road or rather more, 

over w^ of ‘S^ladhT^^^ 

a few large boulde w-fAi* 5 n the coarse conglomerate, and into which 

‘ tix ^ s 

^ the Ban Ganga) is reached, ^iiendts bed is seen to De 

filled, and I may almost say, hlockad, with enotmon. 
tt, DhAoladhfc gneiss contrasting carionsly in the ey« of a geologist mth 

are wholly wanting. 

.as5»r“*““ 

ft* a tone w»tar*w«ni* and rolled honUar it mv he oonddawd immense, the sseond to rim 

h^nfthowaw, daaa®® ^ 

iiifi«~ *».. MowBB the stream ti» wUw fa narrow, hut higher np it <^s ont mom, 

■ rin diflSimnt heighto, meet of ««h 

■ '■^. asyi^ .tiee.ri.the.^'r TOd« odSiTeiSon. Jnethetowthefirte^ 

wonlA wni’to ttork needy the loweet lindt or Iwl 

oroisn9d»er,thetfa,th«te^«f gtacwre, «. pe^W *•<*«• 

iATl^ farA menu weO trithto ^ ^ <f 

A,,, two pttfadi my |» 

T^f Pammg on to the dtt hw^ahw 

heeoiidng eeewer^ ae we^ (|Mehd 







I- «»' 'te at aisriAewa'lietMar tawoWsM tinUK Mil^ 

" 'V ■*.' '* -■ 
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to ike iimii|^pdiiate TkiMty of the Imngdow* SttOi, however, the dik bnng^ow, or rathe^ 
perhaiwlhelstinh^her M^nim regarded ae marking the higheet level 

gkder action; aiid to the action at a vi^' early epoch of a glamer deecen^ng the couree 
of what is now a deep valley beneath the dftk bungalow to the northj I am inclined to 
tefer the flat tcimcated oatUne of a hill which confronts the didt bnngalow at a nearly sinular 
elevation in that dimtiom 


l%e difficulty of always satisfiiotorily determining the npper Ihnits to which glaciers 
have reached arieea from the paucity of moraine ddbris, and erratiea in such aituations, espe- 
cially where the ground hae been steeply carved out as near E&ngia; whilst the precite lower 
limits of glacier erosipn are not uncommonly obscured by the snbsidenoe in mass of the 
moraine^ pnri poem with the subsequent fluviatile and non-glader erosion whi<fli has lat- 
terly supervened. 

The third division, of postglaoier erosion, calls for brief remark. Its area is freely covered 
by moraine ddbria and erratics, whioh, in the case of tiie large fragments, have simply 
subsided pari passu with that denudation which has removed the base wbereou they rested. 
A very neat illustration of this process is seen in the bed of the stream beneath the road 
near the dflk bungalow. The river takes a sharp bend xonnd a sort of promontory sharply 
cut out of the old plateau in which the present river has excavated its bed, and above whioh 
the old glaciers passed at a higher level. The true charaojter of the linear trains of boulders 
here seen, and the fact that they are moraines subsided in situ, are deaiiy shown. Thesg lines 
of boulders evidently stretched down, quite irrespective of the present river, over ground, 
now represented merely by the narrow spit left by the riveh On this spit the boulders are 
seen to rest, and if it might be possible for the stream to have imparted the linear arrange- 
ment to these trains of huge boulders, it is obviously beyond the power of water to have 
washed them up against the face of the spit in the manner in which they occur. 


A few words may not here be out of place touching the views held by Dr. Falconer 
Dr. Fftioonsr on the abseuoe of causes whioh have acted towards the conservation 

lakes south of the Him^ayw. of lakes in the Alps, and the probable reason of the non- 

existence of any lakes of similar magnitude along the vastly more colossal Himalayan range, 
where their preeenoe might not unnaturally be looked for, on a scale of even greater mag- 
nitude than in the neighbourhood of the Alps ; since the glacial phenomena previously 
described by me go far to invalidate the oonclusiona whioh Dr. Falconer, in ignorance of the 
fiorm^ existence of the phenomena in question, was led to draw. Dr. Falconer, writing on this 
subject, regards the Alpine lakes (Falc. Paleont Memoirs, Vol. II, page 651) as great 
fissures with rivers running into them, which origmated in the process of elevation of 
the whole, chain. Freciaely similar reaulta in his opinion fblldwod the elevation of the 
Himalayas, but in the Alps a gladal period supervened, which fllUng, these ‘ fissures* or lake 
basins with ice, prevented their bel^ choked up with detritru, as would have happened 
under milder olimatal conditions. For India, cm the Other h^, these lake basins were 
gradually, silted Up by enormous boulders and alluvium of every kind,*' sfnoe in these 
** tropkal xeglonB the ice never descended from thO highest , eummits down into the 
plidns." 

Sow, the wndition of the K&ngca disfri^ dearly jvnde^ view of Dr. Falconer 

untenable, dnoe it m abuodaiMy clear that gladers descend- 
'Ilww.f ». Wdl iiBto that OTt« .idunein. we ini^eapwt , 

it i» claai; that no mataiial bet^^ thia Hima^raa 

the Al p ., and the fanner pnevllenoe ghkaal eonditiona om both awa.../”'^- 

.Whe<dii^,at^]r period, .the Hima%aa ane,, oompanble whh :the8#« 

boidering the A1 f«i may be elkwed to naaia aa qu«rtfal% I am not' dfriatSaed 
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to Huate trftt litoMfter lie anewered affintotively; but «»to **^^ ”* ^ 

I, nin-rtgiiMliii-n- etitr**" «rf the ***« ehaaMele teu-roieiag the drwnage fau^ 

a„ ^ ground of the K4ng« dietriet I hnw 

terminriion of the gleriid period m upwrede rf 

«. to ^ufign in tto e.^ of ^ 
mdtawreeeoBM to^no Hintslnyan ehwn, eothat eren had laige lahee 

*^-I^3£f.£rtii^^ver valfie. .ubaequent to the gkeud period in quin^n. 
oonipied i^ti^ ^ whai ia aeon in the Kingra diatriot, how auoh lakes n»y have 
we ean a^iwdoi^d. 6” . ^ which aie now and ever have been perpe- 

3^ wJ* »^y“ ^ ’‘Tr to 

lir..tr.«?ect i. too large a one to be diam^ 

It ««„dn. only to add a few worda on toe period dnrij« ^ 

^ vculed in K&ng^ and thia la capable of being lixea witn 

Period of glwW oonditUmi In ^ierg|,ie axaotneBB with regard to the tertiary dqwsita of 
KingrOa 

the region. 

-ae gn»t bulk of toe tertiary deporita of toe K&ngta diatriot belong. 

divirion of Mr. Medlicott, approninafang m age to toe 
• Htoaa grow* miooene of European geology. Thia group contain, in a^- 

tomtonnmetou. Pachyderm, and Buminanta (a con^ and di^imn^v^^^ 

• moaturgent derideratum).the remarlmble Cheloni^ Sed < 

of an enormona, but unaacertained thiokneaB, not Im certo T tlla main oroeranhioal 

Hvalik gnep. , diatriot no direct evidence erieto, from contact, of the rria- 

doWl It is .Indent to menHon in support of tide view the ooourrwoe of 

S: to to. SLi bed., and aeverri apLiea of land mid freah-wator 

mm aimoriatom of «toiot type, with toe precuinora of numorou. apemes of living manpaalia, 
as b seen in the pliocene depoaita of toe Narbada valky. 

QiMiidyiMBcaiaia water Uagrt. directed to tbe anbjeot will reveal an nnmtpe^ 

totonntof evidtooe.whito,if not«.obvto«a, wmto foniri no 

J«od in Kingra. Tbe acope of my own obaervriioTui only p^to my ^ 

^ in Mn^ oeonr in toe Sutbi vaB^ aa low dowd as Biha- 

itwtoiwatBUaapar. pd,, and Ow^o blocks, not now dbeetly eomwjted ^ a^ 

hut pmbaUy toam«orted to torir present poritom by » 

f - ■ deaoendril toe Sntbj vaHey without mi^.rpfe^ 

JSpreasnt -eonfigtoition, as low-down 
ptohaMy Wf^e bloeKSer to « 

ma^ for^ toe ridge which new that town la deft hy tto va ltey or 

IK derin^ panwd into ^ 

‘"#,n:<toaWMtrit'#i|i^‘ Of '®ib «uaei--gbrilr«>'iBiigw ■*(«««»;-' to 
■largdy'dwtoe' emtotoma riieeto 'itf'rtoont eon- 


^^1 
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S^menie, liteially dioke ^ SutliQ valk]^ and which be seen, amonj^ other 
spots, at Dihttr <at ijbe ferry on Hke Maadi e^A Biji^or road), at BUdspor, and at Bubhor, 
where the Suthg di^wdies mto the IJita dds* . 


Approaching the Sutlej from the direction of Mandi, when a little better than a mile 

SiMiiimtnf ground behind the 

Tillage of S&ngra is Jbond sheeted orer with beds of sandy 
grarel evidently ihe upper beds of a thick deposit of either fluviatile or lacustrine origin, 
mantling round the hills of harsh Krol limestone bounding the valley, which to a great extent 
it must ha^e brigiually filled. On descending towards the river these sandy beds give place 
to coarse gravek, which still lower down pass into the coarsest boulder shingle, mainly com- 
posed of a fibterogeneous mixture of Himalayan rocks, among which the Krol limestone of 
tha neighbouring hiUs is a prominent ingredient. Among the rest, scattered boulders of the 


porphyritic gniess of the Dh&oladhdr are seen, from their sise of unquestionable glacier 
origin, and these may be traced as low as Dihur, of various dimensions up to 8 or 10 feet 
in girth, associated with numbers of boulders of nearly the same size of the hardest schistose 
and trappean rocks, from the re^on of the inner hills, and all at one time probably trans- 
ported to the vicinity by glacier agency. 


At Bilfispur in the bed of the river beneath the Bajah'a Garden, I remarked erratic 
EnatloistBUtepar blocks of hard schistose rocks from 12 to 15 feet in girth, 


these can be traced I cannot say. 


but to what precise distance down below the Gumber^mouth 


But what a vbion of the past is not here raised by these simple boulders lying negfected 

ignoble purpose of oleaas- 
ing the clothes of man’s emmet-like race. As there can 
be little doubt that the glacial conditions to which these blocks testify, w«re induced 
mainly by the simple elevation of the whole Himalayan area, so there can he equally 
little doubt that such elevation was effected without materially affecting the grander 
orographical features of the country, and hence it cornea that we must picture to ourselves as 
the agent employed in their transport a mighty trunk glacier, debouching somewhere above 
Buhhor, alter a course of some 860 miles, a spectacle unmatched for grandeur at the present 
day in the Ipftiest regions of either hemisphere. 

IVithont pursuing farther all the arguments which might be adduced^ it will suffice hwra 
to summarise the conclusions which may he drawn from the glacial phenomena oi the 
Kfingra district^ 

Isf.— That prior to the deposition of the Sivalik group, the whole Himalayan area stood 
at ap elevation not less than 12,000 feet and'pcrhaps 15,000 feet, higher than at present. 

2fu£.*—That in consequence of this superior elevation, the whole of the Suh^ H imalayan 
region north o^ the Dona (which had then no existence) exceeding 1,500 feet elevation, was 
Butjject to the incursion of glaciers, which from the magnitude of the druumge area whence 
they descended were of the most oolossal proportions. 

' 8rti*--**Tbat the Sivalik period was mariced by a suhriidenee of the whde Himalayan 
area, a eo^ponding retrocession of glacial conditions, and a return, during the reign of the 
BivaQfc fapaa, to conditions not very dissimilar to those now obtaining in tha region. 


ITomHChere are eumy features hi Hr. I^teobald’s for hot 

they must be left to tiie intelligence of the readers. One omuHoon he has made b fah^ o|;w^ h’ 
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dMUMAtt tliemore 9q, bm it ftffovidi a nioft in«trnot^?e w]M.t IhnatflOBs to 

Inmnhmo |k nay mkm stmnbUiig-lilodc in gecdogy, itnrolving^ m it doea^ the ignfnktg, gbaadoB^ 
meni^ ot mm ttio Invecalon of the ftmdameiital prinoiplo of tbo Mime. Tlie evQ in^cetedl^ 
the USnA adiof^oii* or'eppHeetioii^ of the homotaxeous method in the elftsaiiicBtion and nometmla* 
tgvb foematiosia. 

0teoiat phenomena^ and the * glaclayioriod,’ haring been lately very prominently under dls- 
etmhnu H will aetoniab many that in a paper treating epecially of the former enondona eoctenikm 
of the Himalayan glaoiena no mention ihonld be made of the poeaible connection of thia fact 
With *tbe glacial period * s the sole oanae asaignod for the oaae of the 'Himalaya being n anppoaed 
greater deration of from 12,000 to 15i000 feet The local time aadgned by Mr. Theobald for the 
Himalayan gladal period may be correct : ther^ia no donbt of ita being poaterior tg the dsatnib** 
ance of the Kdhan gron|v and to the excavation in it of the exiating drainage ayatem ; and the 
rvMWon given for ita being anterior to the givalik group (aa properly reatricted by Mr. TbeohiAd) 
iaat least plausible. But faera the fallacy steps in: tho SivaUk formai&>niB * pliocene*; the 
* glacial period ’ is * post pliocene * ; it is therefore needless to consider the relatiion of the latter 
with the prcpUocene glacial period of the Himalaya, as well attempt to identify it with our 
Talehir (pdsBoado) glacial period. 

It is enough to state the case, to show the danger of it. Faheontologiats are ontring tfaem- 
sdres adrift in loosening their hold upon the chain of physical cansation. Are they in a condition 
to say that even the SivaHk fiinna (ae restricted) ooutd not bo oontemporaneons with the post- 
terti^as of Bnrope^ as is implied in the aboee argoment P 

Xt IS plain that the possible, not to say probable, connexion of the glacial penods here and 
la Bnrm offers an incomparable means of fixing tho coniomporaneify or correspondence of the 
exrinct faunas of auoh distant regions. The Importance of this possibility will not be lost sight 
of.^BDm>g. 


Ok mn Buxlpiko akd Obkambntax. Stokbs ob Ikpia, by V. BAbL, x. a., Geologicyl 

Survey India, , * 

In the year 1871i when at home on leave, mj friend Profeaaor Hull, XXmetor of the 
Geological Survey of Ireland, informed me of his intention of bringing out a work on Bewo- 
XKff Aim OBKAICKKTA& SroKBS, aod invited my aasiatanoe in reference to the portion of 
it treating of India, Fertonately my promise of aaaiatanoe was made conditionally upon 
my having Idaure snlDoient to hunt np all avdlable authorities on the subject, aa ainoe 1871 
up to the present tfrne (April 1874), 1 have been almost constantly on tbs move, and during 
the short periods 1 have spent in CSalcutta my time bas been taken up by other more presfdng 
•ooQUpaiious, so Giat I have found it utterly impossible to attenSpt to do anything like jvtsiioe 
to the subject. 

Professor HuU*s bode huving boon puUisbed in 1872, the present notesf are printed In 
the Heoinds as an instalment of what xnay hereafter be written. In a oountiy covurfng 
00 lafjgl^ an area as India, and wheis^ in spite of ike comparatively little use made of stones fn 
modem Sritirii buildings, bniUing stones have been employed for a long period of time 
the nriSemr.Mpls materiel eMsIora veiymoeb more extensive aooonntlkan the pre- 
fitnt* Vfjf has been oompress the principal facts within tkS limits avaSaUe 

K|L|^ Maas ^ 

^ w S wil w w *0 wtUtoritiH «& tbs •id;icol« SI, iwAm is 

b | 4 Nilliv|CMt 10 • WMW 0 «o|«iridf fallnr detoib Qiiiii Smw i« mm for ia tibe 
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Thiongboat tlie ^ pul^to boiidin^ whidi luive been erected under the 

or ^ ^ 

almoeir ezdiueivdy of inrieke. In many oaaes the difficulty 

of obtaining a buildii^P atone within an eai^ distance of the towns sitnaied in the aHuvial 

Tilley, an^ si all the consideration of primary economy, haTc ledi^to the employment of 

pefisM^ bricks instead of lasting stone the construction of our officers' courts, prirate 

•terideneesrdw. • • 

ffiTcn in parts of the country where good building stones are to be obtained, bricks are 
often the only material xegolarly nsed. . 

It is no doubt this feature of Anglo-Indian architecture which in part gaTcrlse to the 
saying Aat if the English left India, in a Century after their departure no s^ of their ' 
occupation, save that afforded by a few empty beer bottles, would remain. 

Unfortunately the use of bricks cannot be justified ereu by the appropriate or ornamental 
Architeotana lemiu from tho oge character of the results. If durability is sacrificed, we are 
of Orieka justified iu asking if not for ornamental stmctures at least 

i(m iiuildings calcnlated to make this trying climate somewhat more endnrable. But what do 
we find P To quote the words of Mi^or (now Colonel) Medley : ^ Who does not know the scene 
of desolation that comes over one at first sight of some of our Indian cantonments: the straight 
and dusty roads, the rows of glaring white rectangular barracks, the barn-like church differing 
only from a barrack in the presence of a square tower and classical I poitioo, the Boman 
OStholic Chapel ditto, only smaller and with bright green doom all round "P imd agatfi<t ** It 
ninst, I think, be aHowed thatlhe true piinoipleB of architeotuml oonstruction fi>r buildings in 
tl^ east, which are to be used by men habitus^to an entirely different olimate, have not as yet 
bMu discovered; a mosque, for instauoe, has a pleasant temperature both in winter and summer, 
white a Ctethic church in India is, as a rule, either very hot or very cold. I do not say that 
Gothic churches are unsuitable to India, but only that they are so as we ww build^themu”t 

Temples and houses built in the native styW, though often somewhat close and ill ven- 
ifritiTs buUdings suited to the titeted, are generally ocmsidci^bly cooter than any S^opean 
cttmste. buildings. This is particuterly iSrue of the masrive stone 

structures of the. north-west. 

ia new oountrie., sooh aa.Aattnlia and America, the Mqtinaer or aioh^ ,(U)n 
iMdniee rt.a«trtnitT of mrtettai «»«» a difEoulty in deiicrmiaing the duah^ <«£ ittB.tc«ala 
ihfKirded b, nettvo b nlicfag .. ' whicli he may wish to en^loy* ' Xvc, in Sngliukd 

oulty ie not unknown, as is evidenced by the Mure of the stotm need in tilia cons&i>o&# «( 
honses of Farlisinent; but, in India, in the Mvilieed parts, w^fsr VnlUing tn^n^ 
andeut temples «w otKei? native boildingB are almoet ewre to he ^nd. l&eee 'ftajiiMi idl'fk, 
whid» can he required ae to the dntahiUty ef etone wjbMi e^EpdM ito the 
■tem^ere. * # 

a The othw. qnsfitiee hi building eivneiH-strengtli, ap|ieanMM«> W ^ 

^ omamentai treatmeat-HMiri^' he daMpgdM hy eimple and 

•*»“ rf ^lied teste; l«|*f ta is w.hdi^^ s^ 

dtitabilfty* ' < ..Vj'' 

The presence or absence of certam siinerate, in tbie^stoM®^^ ; 

cwMWi^s^rilMsni todete®s^,^'4w 

^ Csssssttftfriiitegntloii. p|. p|iO|tp^^ 

"nf the stone and the consequent dw fi ggrft! Sl^ p^|ii | | ^T ^ not totsl.dseteO^t^Sfls^f'nf thSj 
'baa*^^%hichfth^ . 

• Prof. Pspsn so tedliii Sufluettlsi^ Ite ICIA 
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With ejoimpleft of stone wofk which range in age from before the Christian era up to 
modern times* the engineers and architects of India have an immense advantage over those of 
newer eoantries* 


It shdnld be scarcely requisite to observe that the proof of a certain formation affording 
„ , , good building stone is not suffioent to justify the conclusion 

Mrs Nqtt « se 00 on ms a . stone of that formation is equally durable. Tet 

the passing of individual blocks of stone is under these circumstances, there is reason to 
believe, ofton performed in an imperfect manner. Cases might be quoted where ill-chosen 
stones have not proved equal to the work which might justly be expected from the material 
had a Uitlo oare been used in the selection, and thus, too often, a material has received a bad 
name and evil reputation where in truth its qualities have not been put to a fair trial. 


Although locally, in the construction of bridges and other works where stone has been 
Ckllled stone-workwt more anmer- employed, vast numbers of coolies have been trained so as 
ous formerljr. ^ become very fair stone-cutters, still the number of highly 

skilled artizans is probably less than it was in former times, when the inbabitants of almost 
every district in India into which Aryans penetrated erected their temples of stone. In many 
cases these temples, to the present day, exhibit admirable workmanship in the most difficult 
materials. * 


To show how little has been done towards developing and rendering these resources of 
The building stone resouroos oi India available, it is only necessary to refer to the grim 
India nadBvelopcd. advertisements which daily meet our eyes in the newspapers, 

of tombstones of Aberdeen granite and Italian marble. 

In further illustration of this, I may^mention that at Raniganj, 120 miles inland 
from Calcutta, I have seen at the potteries enormous granite mill-stones for crushing quartz 
which had travelled probably 15,000 miles to their present destination, while within a radius 
of 20 miles several places could be indicated where stone suited to the purpose could be ob- 
tained were qnarries only opened up. 


With increased facilities for carriage, by rail and canal, and with some modification of 
^ the traditions in favor of Public Works Department biicks. 
Prospect o e eve opmtn . forward to a time when the splendid build- 

ing;^ materials existing in India* will be brought into more general use for our public and 
private buildings. And we may thus yet hope to see structures of an ornamental and lasting 
character worthy of onr position In this country. 


The order in which the several classes of materials are arranged in this paper is that 
folbwed by Professor Hull*^ • 

l.-«-GBaKtTio AXtv GKEtssosB Hocvs. 

II.— 'Pasaut and tiiA^ra. 

PotbtoiAs, akp Soapstone. 

rir.— MABpLE. 

Vv^-GYPSUH and 4i>ABA8TEB. 

YI^— Oenaicental Stones. 

VII.f-LlMB8TONS8, KUNSUB. 

Till,— S aNPSTONEI, QxrABTZlTES. 

14*-*Lateixte. 

!K.^*-8l<iTE8, » 
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k^t> Oirsifls. 

Most of the so-called granite of India is a granitoid gneiss, a resultant of the excessive 
metamorphism of sedimentary roSks. To what true eraptive, igneous granite occurs 
in the peninsula is quite unknown. Qranite, whi^ from its ^ihysioal relations ^ne may 
venture to conclude is of truly igneous and eruptive character, is not however absent. But, 
as a rule, the physical relations accompanying exposures of perfrctly unfoliatod granites in tho 
metamoiphic areas of India are not of a sufficiently definite character to enable one to assert 
with confidence the nature of the origin of^those granites. There is no crucial test which 
can he applied to determine^ this question. Even microscopical examination of the minerals 
is not now considered to afford in all cases an infallibie guide. But even if it be, it is not 
of easy application, and cannot be made use of in the field. 

These remarks seem a necessary preface to the following account, as travellers and 
antiquarians, who have described buildings, have not often attempted to cliaraoterise, more 
than by some very general term, such as granite or sandstone, the materials of which those 
buildings have been constructed. >» 

•i 

The metamorphic rocks occupy a very considerable area in India. ^ 

East of a line drawn from Bot&agarh on the $6n through Umarkdntak to Goa, the 
greater part of the country consists of metamorphic rocks. The younger rooks which do 
occur in that area are for the most part limited to comparatively inconsiderable dnwins. 
Metamorphic rocks, not to mention small exposures within the limits of the great basialtio 
flows of Western India, also occur in Bandelkand, Eiush, the Gdro and E^sia Hills, 
and in the Himalayas. Whether these all belong to the same age or not is a question of 
much difficulty and unoertaluty. The probability is that they do not. Litholo^cally there 
is sufficient generfil resemblance to justify their being all classed together in this account. 

The varieties of materials suited to building purposes are of course veiy numerous. 
There are those caused by structure and those due to composition. By the former character 
they are divisible into foliated and non-foliated. The simplest form of the latter is a binary 
compound of quartz and felspar, or pegmatite, sometimes appearing as graphic granite. 
Then there are the ternary compounds, consisting of the two minerals just mentioned, with 
the addition of mica, hornblende, or talc, which are known respectively as granite, syenite, 
and prCtogine. Various modifications of these four varieties are produced by the presence of 
foreign minerals, such as, oligoclase, schorl, garnet, epidote, magnetic iron, Ate. 

As building stonte the dense crystalline unfoliated varieties are the most durable. Tbe 
presence of garnets or magnetic iron is likely to be detrimental, as these minerals under the 
influence of the atmosphere are apt to disintegrate, and so mar the appearance, if they do 
not ultimately endanger the stability, oiyhe edifices in which stone containing them is 
employed. * , ^ 

1 shall now endeavour to give some enumeration of the prindpal localities where these 
rocks have been used ffir the supply of building stones, and p(fint odt the^f eatures of the 
principal examples. ' ' ' ' 

In the alluvial tracts of Bengal ancient buildings df stime are of most uncommon 
occurrence. Towards the west, however, in tiie rocky diiliatid^' and on tlieir borders, evidence 
is not wanting that the art of working in stOne was pxbofiiM wlienever tbe material was 
available. In the Ganges dose to Colgong tiiere are aevoral fiiiajl hills which fbrm idands 
in the presani badnf the river* These kffib oonskt of pM liMiee of a tatf grey 

granite, which in olden times used apparently to be raeoidM ^ material & the eonsteuc* 
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The ancient DroiiMilte Temdna ^bSM KanimW nngB xMikt are found in Tarious parts 
of Tricflinopoti generally ecmdbt of vongh MMsa of gi^iss. In parts of Chutia Nfij^ur 
old settlementB of tho Kois made use of gnem iA the erectioii^l! Menhers and Bolmetw, 
Hut, at l^e pre^nt day, the Kob who efsot such ineniM^fhd^ 

part of the country where flags of schist and sbte are really aoeessible^ and they therefore 
do not use gneiss. 

In Madras Mr. Foote says ihat the of very homblendb goeicia whidli occur «‘at 
Palaveram* Cuddapary Choultry, and Puttandulum are largely quarried for the manufacture 
of artAcles of domestic use as well as for building purposes.** 

Other varieties in different localities in Madras are mentioned ; some of these hare been 
quarried to a considerable latent. * 

Ezo^t for purely local purposes, the construction of bridges, Ac., where, upon econo* 
mical grounds, the rock nearest to hand has been made use of, the varieticif of g^nite, 
gneiss, &c., on account of their hardness, have not commended themselres as building 
materials to English engineers. 8o far as 1 know, there are, throughout the country, no 
British buildings of importance, in the construction of which these material have been 
used. 

OrtBsa ... ... MSm. Qeol. BarT., India, 1, p. S77. * 

Blanford, Nilghirii ... ... „ » p. U*. 

KItag, Trichinopoll „ „ IV, p. S67. 

Foote, tfadrae ... ... ,, », X, p. 181. 

Balfour's Cyclopcsdia, Art. Granite* 




Trap,— -Any one who has paid attention to the subject is aware that the ^eater part 
of Western India, the Dekan, and the Central Provinces is occupied by a vast accumuliriioii 
of eruptive rocks which are generally spoken of as Dekan trap. From nprth to south these 
rocks extend from a ^int 100 miles south of Gwalior to the vicinity of Goa, and froth wes^ 
to east from Bombay to Umerkdntak, thus edVering an area of about l-6th of the peninsula, 
south of the Ganges. Boughly estimated, we mAy put down the area in which these rocks 
prevail at 200,000 square miles* 


On the eastern side of the peninsula tbc, rocks, which, ^thout going into detaHs Of 
mineral constituents, may be conveniently spoken of generically as trap^ ooonpy a hy no 
means inconsiderable area, as in the Bajmchal Hills. 


From the evidence afforded by the which these rocks occnr in- 

terbedded, those in the west appear to be |?>i^ri^1ie to the cloto di! the oetaibeous epibdb, while 
those of ^e east (BAjmehal) belong probhbly io tbe jihaeincV^ " 

'' A ", 

The whole of the trap rocks which am used for buifl^ngypuiposes |ne not, however, 
exclusively derived from the two alH>ve*men%i^ iouioes. ' ^^pliiny oi^ the reo^M 
formatioiiB in India ^ trappesa toc^ oodur as dykm ; somc^^ am basalt^ in 
the older fbrmataons, diorites prevail,^,/ * > ^ 


In the Dejkan and B^jmdpd'. areas, roolm 

not only the sedimentary, intorsimtiM wks^ W «bo, on the outskirts, 

the deeper valleys occasionally disSlosa rooks of older foniwiidns. 



lOi ^ AeeorJh ftf the &eohgM Sutveg ef India. [tol. vii* 

purpose®,* imd 9 xp therefore 

less wd tlHixi Imp, irhieh, tiioiigh eometifaiKeyi difBeiilt to eat, is, if mH ohoseii, aiiii»t*diirsl4e 
materisl; swd is ipereover soseoptiUe of mooh ddiicate and artistie txeatoient. 

. Jls he ^niaeipatsd in the Dskaa area, firom^the eoonaoiis thiekness of these rocks 
witidi oeeor, the lithological varieties im nameroos. These varieties are due boUt to difo« 
enees in mineral composition and degrees of compactness. 

With regard to the relative adaptabilii^ iS building puiposes of the various kinds of 
rock irhich are most eommonly met witii, Mr. , Blanford remarkst *^Koneof the beds 
containing seolites, interspersed in irregular, stiings and veins throughout the mass, are 
good.^ They are too soft, bntile, and liable to decompose. None of the ash beds are equal 
in strength, toughness, or retistance to jhe atmosphere to the solid basalts, and no rock 
of a red colour should ever be taken for building purposes. It is almost always decomposed. 
Ambngst the very best beds are the porphyritic basalts, such as those which form so large a 
proportion tif the rocks im the ThuU 'Oh&t.'* 

* Mr. Bell says ^-^The best I should consider to be the bluish-green basalt, which is very 
hard and heavy, havipg a speoifio gravity about 3*0, and which rings like a metal on being 
struck." • , 

Probably the first use to which the trap rook was put in India was in the manufacture 
of stone implements or celts, of which spelimeps are occasionally found, in some cases far 
removed fkom the places where the rooks opour. 

To a very early period must be referred that form of architecture which consisted in 
hollowing out and sculpturing the rook in eiiu into temples and dwelling places, of which 
we have magnificent examples in the caves of A^janta, Ellora, and Blephanta^ These caves 
contain sculptures and inscriptions indicative Of their Buddhistical or early BrahminicaJ 
oripn. Several of these caves are assigned to a period from 200 to 160 years B. 0. 

At Gya, aooording to General Cunninghami some of the Buddhistical rails are made of 
basalt, others being of granite and sandstone. 

Coming down to a more recent period, we find on the eastern side of India trap from 
the Biymehal HiHs male use of for liutels aud door posts in Hindu temples, and not unfroi- 
quently for the images contained inside. Trap used in this partial , manner may be seen 
many of the <dd buildings in the vicinity of Bmmehal and the rained city of Gaiir : occ^ 
siondly, too, intemplM in the Burdwah Kstrfet. The black marble of many writers is pro- 
bably only thie matetisL When covered by the native offerings of ^Aee; it is often, without 
doing what in the sight of the people would be regarded as desecration, impossible to make 
out the nmterial of wl^ the imagm era ma^ 

^ In tiie fsmoue Mask Pagoda at Pori tnp is said to have been mutdi used. This mate- 
rial was probably derived fkom dykes in the metawrphic rooks. ^ 

In the llekan an4 iurtoun^ng trap country this material h^s been used in the construc- 

of forts and native' builffings of various Iqnds. 

Qm ^ the most n^agnifioent fforks fo tsep is stated by Dr. Balfour to be an unfinished 
tomb of ^^0 of the Gwelior ]^iime4tat Poona. 

Bsbeu^ has beon extea^ve^ used in tbs oonstruotion of brjl^ges and stations on the 
Hues of linverae ooun^^ but uu4srstaud |bat foom causes for 

wid<3i rather tbe Inne and werkmanship, the work 

has ^ ' ' 


An i»oortioii will te fonpA naie^ ou a rcU0v]iig ingn 
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In th^ of Bombay trap baa been nbai to *6me oatont, but ehieily in rabble masonry. 
All thd finer buUdings in Bombay are oonatruoted of a v^ry different material, as will bef 
mentioned in its proper flaee* 

The principal use to which the trap rocks of the Bi^iindiid Hills are at present put is for 
the supply of Calcutta with road metal. 


Building materials, Bombiy Islind, Csrtei^s Qeolngy of Wetttm India, BottSar* P- 
Baildtegstonaln Western India, Merewether, Frof. ftpere of Ind. BUg., Boorkee, Vol. VI, late, p. IsO: 

Geology of Bombay Island,- Wynns^ Mem* Geol. Barr.^ Ind., V, 1SS4^ p. 193. 

Geology' of Weetem Indira, Blanford, Mem. GeoL Borr., Ind., VI, ISSO^ p. STB. 

Maeoniy in a tnp oonatij, H. BeU, Proa Bipora of Ind. Eng., Boorkee, Vol. 1, 2ud Berios, 1871, p. 1C3* 

III. — SXBPBKTINB. 

Serpentine in sufficient qu^tity to be deserving of mention in this enumeration is of 
rare occurrence in India. In the sub-metamorphio rocks of Western Bengal, 1 have occa- 
sionally met with it in small quantities. In the district of Singhbhum, south ci the atation 
of Ohaibassa, it occurs in beds of a white limestone. ^ 

In the Madras presidency, in the eastern part of the Kadapa District, a beautiful ser- 
pentinous marble is said to occur, but it has not been much used hitherta. ’ 

Dykes of serpentine, possibly the result of alteration of eome original igneous rock, 
occur most uncommonly in the tertiary sandstones of the Andaman and Nicobar Islands. 
Some of the purer varieties might, if obtainable in large blocks, be used for ornamental 
purposes. A black variety streaked with green, which occurs at the head of Port Blair, 
particularly attracted my attention. So far as I know, no attempt has been made to work it. 

Serpentine is said to be found in parts of Upper Burma, where it is worked and exported 
to China. 

JPofdfcncr.— Uhloritio schists, passing, on the one hand, into talcose, and, on the other, 
into serpentinous rocks’, occur not uncommonly in the sub-metamorphic and somewhat less 
frequently in the metamorphio series. 

In buildings the varieties of this material have only been used on a small scale for 
ornamental purposes, for which some of them, ae being tough and at the same time easily 
carved, are particularly suited. More extensively they are used in the manufacture of altars-, 
idols, plates and bowls. 

In the southern part of MAnbbum,*on the frontiers of Singhbhum, there are juumerous 
workings, which generally take the form oi narrow mines which are deserted during 
the rains. From these mines a considerable quantity of stone is annually extracted ; the 
blocks are roughly dressed td the shape required, be it for Lingam, plate or bowl. They are 
then fixed in a rude lathe and out into form and gpven a smooth surfSEUse. When finished, 
they are carted off to Burdwan, where they are In great demand, itod a portion are sent on to 
Calcutta for sale. 

In the neighbouihood of Gya tod, there are many large mini^ and quarries of this stoue, 
which supply a considerable trade in idols and utonnls. 

One class of the varieties used stands fire well, wbile.the other does not. The former is 
of course the most esteemed by the natives, ^e oraeking of the latter is probably due to 
the water of combination in the mure ddoritie varieties, which becomes released on the appli* 
cation of heat. ^ ^ 
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In many q£ Om nneient templaa in Chutia Nigpnr images made from this m^rial are 
sot naiM^iiAmdy met with* * 

ISne betoitifnlly sculptured doorways of the Black Pagoda near Pori are of this material, 
whhdi was ptobahly obtained Orom the Kilghiri Hills in Orissa. 

In some of the more finished temples at Bobaneswar there are large well polished and 
highly sculptured slabs of potstone let into the walls. (Stirling). 

In parts of Trichinopoli these rocks are applied to similar purposes. 

The very beautiful steatitic material so much used for delicate carvings in 
Agra, though generically related to the rooks mentioned under the above head, seems deserving 
of separate notice in this enumeration. 

This rock is obtained in the territories of the Bsja of ^aipdr. In Agra it is chiefly used 
in the manujhctuie of small ornamental articles, but hat not yet entered into use as a 
material for architectural decoration, although it is admirably suited to the purpose. 

Rtftrmet, 

gecae— On the Stone tndnstrleB of Agn. 

Marble in India is better known from its great beauty in the few places where it does 
occur and its successful employment in the ornamental architecture of some of the cities of 
North-Western India, Bajputana, Guzerat, and a few other places, than from being gen- 
erally, distributed throughout the country. 

The Taj at Agra which was erected by the Emperor Jehangir, to the memoiy of his 
favorite wife Nur Jehan, is built of polished white marble, and is by many competent 
authorities conridered to he one of the most beautiful and perfect structures in the world. 

The material for this glorious monument, as well as for many others, was obtained in 
the Jaipdr territories. 

But the special purpose to which the marble of Jaipiir has been put, and for which it is 
80 admirably suited, is the manufacture of screens, the delicacy of the tracery on which can 
in many cases be only compared with lace. .. This work is known by the nsxMJalee, Besides 
marble, sandstone is sometimes, however, employed for this purpose, as the following desCTip- 
tion by Mr. Keene will show ; It is 'a fine filagree of marble or sandstone fretted into 
an almost endless net-work of geometrical combinations, such as can only be understood by 
seeing the carvings themselves or good photographs of them.” 

In the opimon of Mr. Fergusson, the Jjalee work of Ahmedabad in Guzerat is still 
finer ; hut the style of, the two is quite different. 

According to Mr* Seene, the finest example of tins form^xf work to be met with in 
If cctftfni Incha is the foUowingf he snysi “But all the marble-work of this region 
is wpwed by the mimnment which Akber erected over the remains of his fidend and 
iini^ntl. ^IjjnnaeDor 8hekh Snleem Chistee at Fatipdr Sikri (1681 A. D.). In the nor&- 
westecn „ courtyard 439 feet by 8^ feet iS' a pavilion externally of white 

miurble, a deep prq 3 e#ng dripstone, of white marble also, snorted by 

marble west faht^c bnu&ets shaped like the letter S. The outer 

that the]^ aetu^ khk Uke lace at a little dmtanoe^ ^d 
wifcWiU' with-4 solemn half-light which resemblSB nothing 
this fllabarate work, including the. atrange but most 
design d iiin;lkr|Wiketh» appears to tmve been produced by the resident 8time*cutter8 
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of the pla^e— unedttoeM men eaming pvoMly an avefage wage of about a penny a day. 

I believe that no instance of auoh pure patient workmanship, ao dignified, yet so Tafious, is 
to be found in the world/* In a yery beautifully illustrated Work on the Arohiteoture of 
Ahmedabod by Hr. T. C. Hope» B. with amhiteotural notes by James Fergusson, 
photogn^hs illustrative of this work and of buildings in sandstone will be found; many 
of these buildings are comparatively modem# and some are quite recent. It would appear 
that the art of working in these materials has been more fidly conserved in Ouzerat than 
in any other part of India. But it has been by no means lost or even discontinued, though 
it is not extensively practised now in the northern cities. 

I am informed by my friend Mr. HacketiAhat at Biaio in Jaipdr the JaiUe is still made, 
and that the traceries in it are as delicate as any which are to be seen in the Taj. Other 
quarries near Jaipdr are. also, in operation. the ‘‘Hand Book of the economic products 
of the Punjab,'* by Mr. Baden H. Powell, there jp a list of marbles of which the following 
are the principal : (1) an inferior marble which, however, takes a good polish from Harnul, 
in the Pattiala territory ; (2) grey marble from Bhunsi ; (3) black marble from Kashmir ; (4) 
•white and veined marble from Sardi in Jhelum ; (6) yellow marble from Manairi, Yusufzai. 

In the Narbada valley, the marble rocks, justly famous for the excessive beauty of the 
deep gorge cut through them by the river, consist of a tolerably pure white saccharine 
limestone. This is the strongest local development of the calcareous element which occurs 
with the schists in the Bijour series of rooks. ^ 

The marble, except locally in some of the temples, has not been used for building 
puifoses. It is much jointed on the surface, and has been a good deal crashed by tilting 
into the present vertical position of its beds and by the trap dykes^ which traverse it. 
But it seems probable that large blocks might be extracted, and it is possible that portions 
might be obtcuned of sufficiently fine quality for statuary purposes,* but I am not aware of 
any attempt having been made to use it in this way. 

I must add, however, that according to Dr. Balfour's Oyclopcedia, a block sent to the 
Paris exhibition of 1855 (P) was pronounced to be equal to Italian marble for statuary 
purposes. 

Several localities in Bengal might be mentioned, where more or less pure oiystalline 
limestones occur, but these are not of much economic importance. Silica, tremolite, and 
serpentine are the chief foreign minerals which occur in these crystalline calcareous rocks. 

* In his work on building stones, Mr. Hull mentions among other localities Syepore, Gya, 
and Durha in Bengal as localities where marble occurs in Indid. The name Syepore (whence 
the mineral called Syeporite) has its origin in a clerical error, and the names should stand 
as Jaipore or Jaipdr, as it is now spelt, and Jaipfirite. I am not aware of any marble being 
found at or near Gya, though the black basalt used in the temples there may very possibly 
have been so called by some visitor or antiquarian. As for Durha I am quite unable to trace 
any place bearing the name in Bengal proper. Possibly It may be Dura, near Bhurtpdr, in 
the Agia district of the North-Western Provinces. If so, the marble in use there probably 
comes from Jaipdr. 

In the Khasia TTiH* it is said that much of the nummuHtic limestone would produce 
most durable and occasionally very banidsomely veined nuuMe. It would answer well for 
ordinary purposes, ohinmey-pieces, slabs for tables, garden seats, and for flooring tiles. 

In Southern India there are several well known localities w^exe more or less ommnental 
and durable marbles are obtained; samples of these have been from time to time collected, 

* Some parts are oVriossIy too iilleioai tohoionnploied. 
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l^lkliisd lysd exhibited bot^ in Hadras and Bnrope; fairorable r^rU have been pnbUehed, 
and then^ ihe; inat^ hae'been allowad to tnet.* * * 

In the Pblnad, aoobrding to Hr. Sing, there are some partiouloily well colored maxldes. 
^eie m also breooia beds of varioos dolors** in the western scarps of the Jummnlmndgoos 
and the bottom of the slates in the Chey-air field.** Dr. Balfinir desoribes the marbles of the 
Kadapa District as being of Tarions shades of green. 

At Coimbatore, according to Mr. H. Blanford, there are ciystalline limestones ** suscep* 
tihle of a high polish, and very transparent, which would afford a very beantifal material 
Ibr internal decorations, the effect of which would be enhanced by the judicious selection 
of slabs of various tints. . Pink and grey, ocoalbnally approaching white, are the prevailing 
colors of jibe stone.*’ 

In Burma, for statuary pisrposes, marb^ is largely employed. The material for the 
well known sitting and recumbent figure# of Ghmdama is said to be obtained dhiefly from 
the Tsygeh Hills near the village of Mowe in the district of Madeya. 

Msdlioott, J.—Nerbudda ... Mem. Qeol. Snrv., Tndis, 11, p. 13S. 

• Oldham. T.-KhftslaHlllB ... „ I. p. 185. 

B]anford.-^imbatoM ... „ „ 1, p. t4ff. 

King. W.-«TrichiBopoU and Kadapa « „ IV, p. 370^ & Till, 288. 

Keene.— ‘Agrar^tone Indnstrlei of Agra. 

• Powell, B, H.— PnajiU)— ’Pnxdab Prodnete. 

Balfonr.— Madrae, An.. Art, Marble— OjolopoBdia. 

- V.-— Gypsum. 

As a building stone gypsum has been very little used in India. To some small extent 
It is manufactured locally, where it occurs, into ornaments, and is oooaaionally employed for 
mixing with lime to produce a hard and shUiing surface on ohunam work. The manufacture 
of plaster of Paris from calcined gypsum appears to be unpractised by and unknown to the 
natives. 

Gypsum in quantities of importanoe and deserving of notice is found only, so far as 
1 know, in’^the Salt Bangs in the Punjab, parts of the Lower Himalayas, Spiti, Kach, 
and Madras. 

Its manner of ocourvenoe at these various looalities varies much. 

In the Salt Bange, according to Dr. Fl^ng,t gypsum occurs scattered in irregular beds 
snd huge mass throug^ut the marl in which rock-^t also ooenrs. It is ** for the most part 
of a light gr^ color, w& a shade of blue uid translucent on the edges. It has a saccharine 
appearance, but m^aea in which a coarse crystalline structure prevails are by no means 
uncommon. lE^d varieties also occur, and beds of a dark grey earthy gypsum are genmlly 
associated wiik the saddiarine kind.** 

It is said to be vetSf abundant at pindDadun Khan. It alao ooenrs at Mari, Kalabagh, 
and Surdi, where it eontains quartihcrystals of various colours, which ate known as Mari 
diamoiids, and are mudh«|iied by t^ natives for necklaces, The marl on Mount KuriugU 
is idso said to oemtiin abvkidanoe of gypeum. ' 

Th, fi^emiistg auggeoted tiie gypsum of l^nd Dadnn Khan being made use of by the 
IHiMio Wotka|)«|i|^^ 

, Shemarilh ^S^iA^^gypBim ocictt^ 

; I ^ ■ ■■ 

' V As«Bia(ng to m, sent to tlio gfeat aShUStUm to 1861 wots tonuabli' 

^JI^jkB^iftupoeiStoSIsii^ sdl^ptsd townlptii^ onMiBMiitll potpoaea. 
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In Mr, Medlieoit^a aoeonnt of Uie Snb-Himalayin roeka of North-Western India* he 
states Idiat gypanm oeours in several parts distnet ; it is lepnd in lumps in the ferrugi- 

nous clays of the Subathu group* aud^ at gahansadhara* below Masuri* it oocurs in small 
irregular veins through limestone. 

Mr. Mbllet has described the deposits of gypsum in the Spitt valley. He believes them 
to be derived from thermal springs* as the masses occur at all levels unstratified and amor- 
phous, and what is more to the point, the thermal springs are at present depositing gypsum 
with the carbonate of lime. The origin is traced to chemical reaction betweenf iron pyrites 
and carbonate of lime* the former abounding in the underlying bl^k slates. 

Mr. Mallet oondndes hie observations thnsr '*The compact unaltered portions of the 
gypsum are of a snowy whiteness, and would form a beautiful material fi^r ornamental pur- 
poses. All of it, from its apparent purity and freedom from iron, &o., might be manufac- 
tured intoi||rery superior plaster of Paris. Oue^ fatal bar, however, exists to its economic 
employment, namely, the mountain carriage across the entire breadth of the Himalayas.” 

In Kach Mr. Wynne;]! reports the existence of gypseous shales below the regular 
nummulitic beds ; but the deposit of gypsum appears to be inconsiderable there. 

In Madras gypsum occurs in several places. “ It is most abundant in the Qotatoor beds 
(cretaceous), especially in the belemnite clays to the east of Ootatoor and in the uufossiliferous 
clay to the north-east of Muravnttoor.§ 

It might be obtained in any quantily for ordinary purposes* such as moulds ; but for 
casts it is generally too impure ; however* selected portions, chiefly in the form of transparent 
plateb of selenite* would answer for a small demand for the latter purpose. 

Dr. Balfour, in his C^olopoodia, besides the above, also enumerates the foUowihg localities. 
The Chingleput District, Sadras* Enuore, the Bed Hills* Nellore* Masulipatam, and Bangalore. 

G^ypsum is used by the natives medicinally* and can be obtained in most bazars in small 
quantities. 

VI.— OttNAlCBBTAL StONBS. 

The use of ornamental stones in buildings in India* either in the way of mosaic or on a 
larger scale* has^not been much practised latterly. 

Probably the finest extant example is afforded by the inhdd work in the Tiy at Agra. 
The following is a list of the stones nsed lliere as ascertained by Dr. Voysey 


. a 

Hame. 

Lapis Lazuli 

Jasper 

Heliotrope 

Chaloedon Agate 

Chalcedony 

^Cornelian 

Sards ••• ^ ••• 

. Plasma, ot Quartz and Chlorite 
Trilow and striped marble 

Clay date — ••• 

Nephrite or Jade ... 

Zoealtty. 

... Ceylon and Thibet. 

Basaltic tirap of Hindustan. 

Basaltic trap of Hindustan. 

... f Basfdtic trap of Hindnstan; also from 
^Sone and Narbada. 

Basalt of Dekan. 

... GKizevat; 
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Bec^tih of the Qeologieal Suroeg of India, fvoL. Vfi. 

Tlie lolblviiig paiMUige ivill give eenie idea of the elaborate oharaeiet of thepe mosaics : 

eiogle in iho screen around Hie ton^bs, or fifaroophagi, oontams a hondred stones, 

eaoh cnt to exact shape necessaiT*^ imd hi^ljr pcdished; and in the interior aibiie of the 

building, there are several hundred flowers, eaoh containing a Hfce nnmber of stones/* 

In various parts of the basaltic areas of India varieties of agates and jasper occur in 
boaridersible abundance, and are collected and sold to lapidaries, who cnt them into nsef ul 
and ornamental orticlea; but they are not much used for mnral decoration or mosaics at the 
present day* In the valley of the Narbada and jSone such pebbles ate fbund smnewhat 
almndantly. 1 believe there is no case of the original matrix, the basalt, being worked for 
them, hut the gravrily beds of some of the tertiary rooks, which.oonsist mainly of ddbris 
from the basalt, are mined in several places, In Western India the mines at Bnttunpur, east 
of Broach, are the principal. The stones found there are sold to the lapidaries of Cambay and 
Jabalpdr. ^ 

In the Bajmehal Hills very beautifiil agates, common opal, and other varieties of silica 
are abundant, Imt are not, so &r as I know, sought after or collected. 

At Vellum, in Triohinopoli, some tertiary grits contain pebbles of rock crystal, smoky 
quarta, cairngorm and amethyst, which are cnt by the local la^daries. 

JBttftmoa, 

Voyiej, AsiatiQ Saimlies, VoU XV, p. 429. 

Blanfoid, Mem. G«ol Sunr,, India, Vol. VI, p. 819. 

Kins, Mem. Oeol. Burr,, Indie, VoL IV, p. 870. 

Keene on the Stone.IhdnBtries of Agra. 1878. 

VII.-^LncBmKX. 

Under the head of Mabbib I have separately described those varieties of limestone 
which, from their crystalline stmcture and ornamental appearance, are entitled to be so 
d^^nified. In the present section 1 shall confine myself to an account of the chiefly, but not 
exriuaively non-crystalUne varieties whirii are used or ore available for use as building 
materials or for the manufacture of lime. 

far the most important deposits of rook limestone in the northern portion of the 
peninsula of India are those which ooonr in the Vindhyan series. In the lower Vindhyans 
bccnra a group of Uup-hedded limestones which in the places where they are best SBcposed 
have a total of several hundred feet in thidcness. At BotAsgarh it is chiefly quarried for 
bumii^. It is brongI>^t down the Sone in boats and into the Ganges, by which means it is 
distribnted over a e<msiderahle area of country. When the Sone odhal is opened this trade 
w9i probably become more regular, and it is possible that Calcutta may be supplied from this 
a <x)nti%ency much to be the great expense of Sylhet Hme, Which 

Is that whirii is prmcipa)ly used at present. 

Attention has been drawn to this limestone iboo as being, within a reasonable distance, 
tht ^y pmrioe of a material of etoady, known oomporilion oi^ble of affording a suitable 
flux ^ in the proposed irom-wtirks in the B&nigaqj countiy, 

can only be depended on 

in proportifimjif Msooiated argUL^us matter varies in snoeessive 

: west ae the neighbouriiood of Entni mi the Jabatpdr 

# where the Jabalp% railway crosses the 
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Higher in the Vindhyaa series the Bandifar group Ineludee a limestone which is not only 
used as* a sborce of Ume» hut aa a boBding ston^ in the Dumoh diatricti where it is preferred 
to the Jlower sandstone; tihe same is said to be tibe ouie in the uksinity d Kimach. 

Borne of this atone was reported on fsTorably for fithographie purposes, but it has never 
come into use. » 

In seyeral parts of Bengal ooonpied by the metamorphio rocks limestones occur, but 
they are in general too much impregnated with foreign minerals ta be of use either as build- 
ing stones or as, sources of lime. 

In the neighbourhood of the Shdsi Hills the so-called Sylhet limestone is extensively 
manufactured into lime for the Calcutta market. The principal factories are at Chdtsk and 
Sonamganj, and along the banks of the river Sdrma between these two villages. Tlie 
quarries are “ near the village of Tnngwai or Tingye, from which the stone is brought to the 
neighbourhood of Pondua and to Oh&tak. Other very large quarries are in the vicinity of 
the great orange groves between Teria-ghdt and Laodt, from which also the stone is con- 
veyed to Chdtak for burning.” This limestone is of nummulitic age. 

Under the head of marble will be found a notice of the portions of it which come 
under that denomination. How far it has been used as a building stone, locaUy, I have no 
information, but there is no reason to doubt that good building stone could bo obtained. 

In Western India limestones occur in the metamorphio and the Bijour series; they 
are, however, usually too silicious to be employed in the manufacture of lime, and* I can 
find no notice of their being employed as building stones ; but some of the highly calcareous 
B&gb beds and the nummulitic limestones of Guzerat are used to a oertidn extent. Regard- 
ing the latter, Mr. W. T. Blanford says : " It is difficult to obtain it in large masses, or to 
trim it neatly. It is employed by the natives for bowries, temples, &o., other compact calca- 
reous beds being used for the same purpose.” 

In the north-west of India the limestones of the Lower Himalayas are, some of them, 
applicable to building purposes, and **Bome fit for ornamental or monumental purposes 
might be found among the thick-bedded, hard limestones of the Erol group.” 

' llie lime in this area is chiefly made from a porous tnfa, which occurs along the flanks of 
the limestone ridges. 

In Southern India limestones of at least three distinct geological periods are used as 
building stones. The oldest of these are the crystalline limestones of the metamorphic 
series. At Coimbatore there is a limestone belonging to this series which has attracted some 
attention, as it would make a good building stone as well as being a source of lime ; while 
portions are highly ornamental, as is mentioned under the head of marble. This Umestone 
is described by Mr. Blanford in the Memoirs of the Geological Borvey, and at greater length 
in the Madras Journal of Science. Mir. King also, in his Geology of Trichinopbti, mentions 
this rock and gives some additional localities. He states thi^ it has been used as a building 
stone in connection with the Madras and Beypdr railway, and has given complete satisfaction. 

The two series of metamorphosed rocks occarring in Southern India, and which are 
known by the names Kadapa and Karndl, each contain Umestones. Por building pur- 
poses those of the latter seem to be the most important. The Kamdl series belongs, it 
is considered, to the same general as the Yindhyan of IhsT northern parts of India. 
Mr. KiUg remarks in reference to these rocks. The liniestoileii;' where ih^^ sxe at hand, have 
been largely used by the people of the ooun1»y, the larger villages in the Khoond-air valley 
having their better houses built of well-sdiected and dressed Nergee beds, while the wells 
of the Kadapa and ^is valley are all lined with Giis , , llr. King antiripate]^ that the 

railway and canals will tend to develope the use of these Suildihg inatorials: 
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Tkere m vtiii to be mentioned the limestones of cretaoeous age whioh ocoor in South- 
eni Indiju !E3ieae mre of two kindii^ one being purely iledimentary, the other derived from 
coral reefr* building stones they are somewhat extensively used by the natives, but, 
aceortltng to Mr. H. Blanford, “are iU qualified for expose exteriors, where they rapidly 
yield to the heavy tropioal.rains/' 

Mallet On the Vlndhyan aerlee, Menu GeoU Snrv., India, VII, p. 113. 

Oldham Khdal Hilla, Mem. GeoL Snrv., India, 1, p. 131. 

Hedlicott Loirar Himalaya, Mem. Geol Bnrv., Inha, III, p. 173. 

Blanfoid, W. T. Western India, Mem. Geol Sarr., India, VI, p. 860. 

l^lanfbrd, 11. Sonthem India, HUgUil HUte, Mem. Geol. Bnrr., India, IV. p. 204, and 1, p. 248. 

Klng,W. TilehinopoU and KamtU, Menu Geol. Bnrv., India, IV, p. 870, and vni,p. 282 . 

Fobbsuhdbr Stonb OB Miliolitb. 

The name miliolite was given by Dr« Carter to a rock which is found in the neigh- 
bourhood of Forebunder in Guaeiai. Though somewhat oolitio in structure, it is not of 
oolitic age, and therefore the above name was given to distinguish it. 

It is considered to be of newer tertiary, probably pliocene age. In Ouzerat its greatest 
development^ in the Gir Hills, where, as also in some of the valleys, it rests upon an 
arenaceous clay. It b a wide spread deposit, and is said to occur cm parts of the coast of 
Arabia and in Kach.* 

As it appears in Guzerat it is a somewhat coarse caloareons grit, abounding in forami- 
nifera towards the west, but containing fewer organisms, and being more argillaceous 
towards the east. As a building stone it is admirably suited to many purposes, but is said 
to be incapable of sustaining great pressure. It is largely quarried about twelve miles 
from Forebunder, from whence it is shipped to Bombay and other places. 

In Bombay it has been largely used for building purposes, more particularly in the 
oonstruotiou of the recently erected Government buildings. 

S^erenew. 

Geology of Wettem India. 

n Onientl, M. 8. 

Kaoh, Mem. QeoU Barr., India, IX, p. 81. 

. Cyclopoedta. 

. Btiilhqg atone in Weatern India, P. P. of I. £., VI, 1869, p. 137. 

Hun HUB OB Gutik. 

The calcareous comuMtions whioh occur in the alluvial clays, and which are known under 
one or other of the above nades, occupy a very important position as a building material, 
being in very many piu^ of the oountcy tiie only source lime. In addition to this, rome 
of the more massive varieties are used as building stones in parts of India as in the Central 
Doab. 

In the bridges on the Gangea Canal between Bi^ki and the Nanfin Fork block 
kunkur haa bm employed, except for the ardiwork. In the case of the Kasimpdr 

bridge tiie eatemal faoea^ the arches themselves have, however, been made of tiiis materud* 
In the vleiitity nf ^s section pf the canal the Uock kunkur is readily procundde. 

icudw iwi* wai j&e Inidgn cm the 9«tdigwli and Eoel faiaadtw 

of. fh* Bi is tiiw Colonel ffiir Pwby T. Canaey : “ In ertrmnes, 

the stousvinay hi ^MdjfiSiBd, in its most perfrot stnte, as W'gray eend-orystelline rock, tou^, 

^ ; 1 ^,, 

beott to iepment (ho mSHolito, la sooordlagio Mr, Wynne, dotold «f 


Cuter 

Theobald 

Wynne 

Balfour 

Merewether 
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with oocasionid amygdaloidal or irregularly ahaped hollows, difipersed through its mass, the 
hollow8*bei]ig filled with earth. In its moet imperfect state (I aQude simply to the block 
kunkuT which is ETailable for building purposes) these hollows are more numerous, and they 
give to the rook a honejoombed ^pearaaoe to which I have before adverted. It is found 
in extensive tabular masses or strata (generally aocompanihd by sand), the upper and lower 
sides of which are slaty and apparently imperfectly indurated; the induration, in fact, 
increases towards the centre, where it is firequently of the hardest description of the newest 
lime rocks, and of a crystalline character.** 

Owing to the honeycombed surface of the stone, it was found necessary to protect it by 
stucco from the direct action of the water and of the atmosphere. This rook has also been 
used, where rea^y obtainable, in the construction of buildings connected with the railroad. 

Block kunkur, similar to the above, is obtained in parts of the Jamna below the ordi- 
nary water level. Its more common form is in nodules, and in this form its occurrence is 
so general throughout alluvial soils in India wherever th^ exist that it were useless to 
attempt to indicate its geographical distribution, in detail. 

The better qualities of kunkur contain 70 per cent, of carbonate of lime ; from this down- 
wards the proportion constantly varies with the amount of clay or sand which isdaken up. ^ 

Besides its usual employment for mortar, it is, when burnt and powdered without 
slaking, an excellent material for hydraulic cement. To this pu^ose of course only certain 
varieties are applicable. * 

TlII.-^AKl>BT02rB8. 


Several of the recognised formations in India afford sandstones admirably suited for 
building, and some of them have from very early times been %rgely drawn upon for the 
supply of materials for this purpose. 

Among these formations the great Vindhyan series stands pre-eminent.^ The difficulty 
in writing of the uses to which these rocks have been put is not in finding examples, but in 
selecting from the numerous ancient and modem buildings which crowd the cities of the 
North-Western Provinces and the Gongetic valley generally, and in which the stone-cutter’s 
art often appears in its highest perfection. 


The Lower Yindhyons,* consisting for the most part of shales and more or less flaggy 
limestones, and from the inaccessible position of the rocks in some of the principal places where 
they occur, as in the S6n vall^ and Bondelkond, have hot been worked to any great extent. 


The Kaimdrs, however, have been worked extensively at C^undr, Mirzapdr, and Pnrtdb- 
pur, as well as at minor intermediate pmnts. The sandstoAs are in general fine^gmned 
and of reddish-yellow or greyish-wl^ odors. They occur in beds which are said to\aiy 
in thickness— at Purtdbpdr and similarly elsewhere, from 6 inches to 8 feet. These beds often 
spread for long distances without any joints or fissures to break the eontinuxty^ in conse- 
quence of which very large blocks can and have been extracted frr various puipos^ , 

In the Biwa group, overlying the Kaimdrs, the sandstonea are not so much used for 
building purposes. ' \ 


This is due partly to the beds being frequ^tiy coarse and |^h, add greatly subject to 
false bedding ; partly te the fret that the Biwas ah nd occur tnirn dbise to the Gangetic valley 
or to large cities. Some portions ai;^ however, of superior qudity, andsdpply all local wants.’* 

Above the Biwas come ibe Lower Banddrs, whichaare described as being, for the most 
psjt, coarse, harsh, and gritty, and occurring, only in thin beds. 


** Tbe following psrtlealsfi are oiUoitr taken fite Vr. HaHet'e Memoir. 
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IRie Bandfin, how^vet, make up foT the deficiencies of the underlying group by 

affording two varieties of excellent building stone, one dark-re^ sometimes quit6 unspotted, 
sometiiiiies streaked and dashed with yeUowish-white spots. 

Urn oilier is a yellowtsh-white, very fine grained roSk, perfectly homogeneons both in 
toture and colour. ^ 

the latter is said to be, on the whole, the better building stone on account of its more 
un^orm coloring and its being not so liable to dirintegration from the effects of long con- ‘ 
tinned exposure. 

Probably the earliest use to which any of the rocks of the Yindhyan formation were 
put tb was in the manufacture of stone implements, many of which, formed of the denser 
indurated varieties of sandstone, have been found in India. 

So far as I have been able to ascertain there are no cave temples, or at least none of 
much note in the Yindhyan sandstones. But there are memorials of a very different class, 
many of which date from a period before which the idea of using stone in the constructiop of t 
houses had not been entertained. At any rate, there are no buildings or remains of buildings 
which can with safety be regarded as belonging to so remote a period. 

These memorials are the great monoliths or IdU, many of which bear the edicts of 
Asoka, the protector of t^is earliest Buddhists, and who reigned about 260 B. C. Besides 
these pillars he is said to have erected 84,000 Buddhist sanctuaries called stupas or topes.* 

Some of these monoliths are of great size, and are.generally polished throughout the 
portion intended to be exposed. They wore surmounted by carved and ornamented capitals, 
upon which figures of lions or elephants were placed. 

The polished portion of the shaft tapered uniformly from base to summit, and in every 
way these remarkable monuments testify to considerable skill in the stone-cutter's art. Still 
it would appear that this art was not made use of in the erection of buildings, and when 
the first stone templesf were excavated and adorned a century later, ^e stone architecture, 
as pointed out and described by Mr. Fergusson, was a ** mere transcript of wooden forms,” 
showing that at that time the art of using stone for these purposes was only being then first 
adopted, and that though the material was changed, the workmen continued to use the 
designs suited tiO wood. It was only gradually through several succeeding centuries that 
the forms and designs became suitable to l^e material.^ 


It is considered by the best authoritieB that the palaces, temples, and buUdings generally 
of those early times were mainly constructed of wood, as they are for the most part in 
Burma and Siam at the presolt day. 

%he resembhmce between these monoliths and thoB#of Egypt, some of which have been 
taken away into Europe, cannot fail to strike the attention. The connection is believed to 
be more than a mere apparent one, the discussion of which, however, belongs to the province 
’ of the Antiquary. 


these lAts afford the most strihii^ evidence ^hich can be given of the size of the 
stontti which are obtainable from the Yindhyan sandstones and the durability of the material, 
I appei^ itiie fiollowir^ ennmeration of the n^cipal bf them which ate known. The details 
are Cndhlnfibw** AichiMlogical ireports : — 




List of remarkable MotiolHhs in Lidia. 
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Hr. Msttet mentions two lafge blodcs whUdi are fomid *'aboat a mile 8oat]i>ea8t of Bnpai near the quarry from winch they we» cut :** the flimwiaiAna of these simgeat a 
mmectfoa with those enumerated abore. Hot improbably thqy belong to the Asoka period. One ia a oircular column 31' 6 ' long, with uj^lB and lower diameters of 3' 8^ and 
The other is a paraUelopiped 4^ ft* long by (f 3" x 3^8" and S' 9" x 4' 1", with an estimated weight of nearly 60 tons. The neighbouring vUlagers appear to know nothing of 
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qiuunciiBi lit iD<^ri on tiie 8611 are the xoost eastera of all those which have been 
opeiied io ihe rocks.^ At premt th^ a*e laigdy worked ia connection with the 

l^n apd canal projects. The stone is a compact whitish saildstoae sosceptible of ^ 

airt^o ti^tmeat, and, what is of more importance for the pMent purpose to which it is put, 
strong m darable. % 

next i^int of importance where there are- quarries is Chonir. The vicinity of the 
Ganges has> daring a period of at least 2,000 years, afforded a ready means of transport for 
the excellent building stones which are obtained from the Kaimdr rooks at Chun&r. 

The Hast Indian Boil way now affords an additional iaeans of transport, but is, however, 

1 belie^^, not very mudk used for the purpose, water carriage being so very much cheaper. 

Benares, and other dries and towns of less note, both in ancient and modem times, have 
largely used Ohundr sandstone. The ghhts at Benares, the palaces, the walls, the minarets, 
and many of the temples are built of this material. To Calcutta a certain quanrily m brought 
for paving and tombstones, Ac. The only stone church in Calcutta is St. John’s, which is 
built of Chu^r stone. 

It has also been used to some extent in other buildings in Calcutta, but for paving ppr* 
poses, as has elsevvhere been shown, the so-called Burdwan stone has also been employed. 

The next quarries to be mentioned are those of Mirzapur, which, with those of Furtdbpdr 
and Seor 4 jpiir, have supplied Mirzapdr and Allahabad with material for the construction of 
their bpildings, both ancient and modem. The stone for the Jamna bridge was, according to 
Mr. Mallet, obtained from some quarries a ifcr miles up the river, whence it was brought 
down in boats. • 

From this the limits of the Tindhyan rocks Weep southwards in a great bay, and the 
next place where they have been worked to any large extent is in the neighbourhood of 
Gwalior, where they have been used in the constmction of forts, temples, Ac. It may be men- 
rioned too that in the exposed faces of sandstone there are carved some figures of Titanic 
dimensions. 

Although, as was remarked, the sandstones of the Biwa group are not generally used, 
still **in the neighbourhood of Hosungabad and also in the Sipri and Gwalior districts some 
thin red flags from ^ to 1 inch thick are much used for roofing.” 

Perhaps the most important quarries in India are those in the upper Banddrs to the 
south of Bartpflr, at Faripflr Sikri, and Bupfls, which have furnished building materials since 
before the commencement of the Christian era to the cities of the adjoining plains. Por- 
tions of the Taj at Agra, Akber’s palace at Fatipflr Bikri, the Jomma musjid at Delhi, 
and gener^ly the grandest and the meanest buildings in Agra, Delhi, and Mutra (Mathura) 
have drawn upon these quarries for their materials. 

To quote Mr. Mallet again : ** The palace of the Bajah of Bartpdr at Deeg, which is 
regarded as one of the most beautiful edifices ia India, testifies at once to the excellence of 
rim i^e emi^oyed and the skill attained by stone-cutters of that district Cupolas' 
on slender shafts of 2 ani 3 inches diameter, arches supported on strong, yet graceful 
pillars, ^^ndowB formed of single slhhs of stone periorated into the most elaborate tracing, 
meet every turn.” 

In it may be mentioned tjhat the sandstones both here and at Chundr have 

been kfge]^ for telegraph posteT the fecafity witl^which some of the varieties split 

% pops^^ obtain posts 16 ' loOg of material .^oh will resist wtute ants and the 

; j ^ of Yindhyan easdstone have been instrniiieiitsl in annihilating 

by ;|flfeseiylBi. '^^ ifmperishable jiee^ fragments of the histbiy of upwaxds of two 
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thousand 3 jearB ago, while the posts of ^o-day have been eubservient to the dostruotion of 
^ space, for it may be said that the telegi^ph which bears onv messages from Calcutta to 
Pesbawnr over a distance of 1,500 miles in a fotr seconds of time practically overcomes space. 

The preceding remarks refer only to tibe Vindhyan rocks, as exhibited in the great Vin- 
dhyan and associated ranges on the south of the Ghin^tio f alley. In order to complete this 
notice, it wUl be necessary to allude to the occurrence of rooks, believed to bolong to the 
same geologicfd period in other parts of the peninsula. 

Between Sambalpdr and Baip||r in the valley of the M&h&nadi, a series of sandstones^ 
shales and limestones, considered to be contemporaneous with some of the Yindhyan series, 
occupy a considerable area. But in that wild part of the country there has as yet'been no 
local demand for building stones. ^ 

Again, rooks referable to the Yindhyan series occur in the country to the south 
of ISTdgpdr, in the region about the confluence of the Weinganga and Warda rivers* 

In the Eamdl district south of the Kistna there is another series of lime stone s, shales 
and quartzites which is considered to be referable to the Yindhyans. 

Mr. King, in his description of these rocks and the underijdng Kadapa formation, says : 
There is no lack of good and easily wrought stone all over the district ; but tffese can only 
become of value as they are locally required or as the means of communication are opened 
out over the district.*'* 

For further examples of the uses to whio^pthese sandstones have been put in Wient 
times reference should be made to General Cunhingl^^*8 Archaeological Survey Reports. 

Among the sandstones of the D&mflda series (the representative of the carboniferous 
period in India) there are several varieties whidi are suited for building purposes and which 
have already to a small extent been made use of. 

Throughout the D&mdda valley where these rocks occur, they have been used in the 
construction of temples, some of which are of considerable antiquity. Among the finest 
examples three Jain temples at Barflkar are deserving of particular notice, as exhibiting some 
rather elaborate carving which has stood well. 

But still more ancient work in this material is to be seen in the oaves of Sirgqja and 
Chang Bokh&r, which bear inscriptions in the old Pali character, testifying to their extreme 
antiquity. 

In recent times the sandstones at Bar&kar have been quarried largely for local use in the 
construction of the Bar&kar bridge and for various purposes in connection with the Bast 
Indian Railway. A considerable portion of the new High Court in Calcutta is also built of 
this material. Being readily accessible at the terminus of the Batfikax branch of the railway, 
this rock will probably always be more or less used for purposes to which brick is not suited. 

In Haz&rib&gh and B&nchi some of t^ sandstones of this series have been used to a 
small extent, and the flaggy beds of the unterlying T&lchirs to a somewhat huger extent for 
paving the European barracks, Ac. ^ 

References to these sandstones will be found in tiie Uumerons reports oh coal-fields 
in the Memoirs and Records of the Geological Survey. 

* 120IVII0W. 

Voyasy.onthebdldingatoiieaauaHoMto AklwnM or Agi% AiUrtte Besettoh^^ 

Owes, Pnitabpfir stoae quaniOB, P. P.oii I. fiL, II, ISSS, p. 81. 

BUukfina, W. T., Weiaem ludhb Man. tiscl. darv., Iodise VI, 

Mallat, Viodbyaa Mries, Mm. Geol 9arv.. India, VIl, p. 110. , 

Kiag, Badapa and Karndl formsUons, llsn. QcoL Sort., IhdM^ till, p. 281* 
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The fBiiiiiitoiiee of the various groupa included in the MtMddvi series have been largrij 
need ( the ineinlbflvs of the lower groups are, hotter, in many oases ei^^ too Iriable or 
coiitidti tcM> mti^ iron to be lasting when exposed to the atmosphere. 

lA the Bdgra group, a sub-division of the M&hdddv&s, there are sandstones applicable 
to bpild^ purposes, and which liave used to some extent locally. The Tawa viaduct is 
birilt '<^ these sandstones. 

'Some of the beds Of sandstone in the dabalpdr groUp yield an useful building material. 
A' very dense indurated variety, which occurs in the at»ri|pi of Jabalpdr, has been quarried to 
a considerable extent for local purposes.* The viaduct over the Kaibada below Jabalpdr 
famishes the most imj^rtant example of the applicability of the sandstones of this group 
building purposes. 

Olose to Kat&k (Cuttack) there are some sandstones which Mr. Blanford considers to be 
younger than the M&h&ddvds, but the exact age of which is, from ihe absence of fossil remains, 
still unoertain. These sandstones were used in the construction of temples at Bobaneswar, 
and to some extent for various building purposes in Katdk ; but laterite and gneiss seem 
to have been more largely employed. Some ancient caves at Kundagoree have been exoa* 
vated in thesp rockB.t 

The intertrappean rocks of the Bajmehal series, whoso contained fossil plants present a 
markedly jurassic facies, consist of sandstones, flag beds, and shales. The two former are 
oooasioually empbyed for local building purp^s, but cannot be considered to bo of much 
importance. * 

The compact sandstones of this series at Coqjeveram and several other places offer, 
according to Mr. Foote, a very easily dressed and moderately durable building stone. 

In reference to the jurassic rocks of Kach, Mr. Wynne says : ** The finer grained 

slightly caloareouB yellow sandstones of the lower juxasrio group form tolerable building 
stone ; and some of the dose, hard siliciouB grit bands, tbongb difficult to trim or dress fine, 
would afford a very lasting material for rough work.” 

Several other sandstones are locally used. Mr. Wynne gives a list of the different 
building stones used iu Bh(g, as furuished to bim by His Highness the Rao of Kach. 

Bocks of this age are found in the Bi^ehal HiUb, ITtatiir (Ootatoor), and at various 
places on the east coast between TriohinopoB and the Goddveri and in Kach.{ 

The Bfgh beds, which belong, it is considered, to the cretaceous period, contain some 
good sandstones suited to building purposes. Mr. Blanford, in his report on Western India, 
says; “'The massive sandstone of the IMva and those which occur throughout the country 
to the south of Allirlljpdr and BUgh would furnish excellent material. The gritty calcareous 
bed at the where it ia not too cherty, would be well adapted for construction and could be 
eanly worised.§ 


* MsdUeott^ Bseontnv A«o]ogio«l Sorvey, V, p. 77. 
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The rocks of the SW&lik and N&han groups irhich represent the upper and middle 
tertiary period cxf Burope are generally too nnc^soUdated to farm durable building stones. 
These rocks, as is well known, form the ooter ranges of the Himalayas at various places 
from west to east* 

Hr. Medlioott remarks : ** Thole sh^tions, as Pag^ai, Kasaoli, Subathu, Dhurmsala, 
which are built on the eocene groups of the Sub-Himalayan ss^s, have an unfailing supply 
of good building material in the massive sandstone rocks. Among the older rooks there is 
no atone fit for anything but that for which rough rubble may beflM- There are several 
examples of native architecture jlong the border of the plains for which an excellent 
building stone was obtained from rwks of the Siv&lik group, but it must have been found 
in detached blocks and discontinuous bands, the mass of the rock being quite unfit for the 
purpose. Stone fit for ornamental or monumental purposes might be found among the 
thick-bedded, hard limestones of the Krol group.”* 

Quabtzitbs. 

The gradation firom the loosest and most granular sandstone to the most intensely 
vitrified quartzite is so complete that it is impossible to draw a sharp line of demarcation 
between them. I therefore place the quartzites with the sandstones in this enumeration. 
Were the arrangement a purely geological one, a large portion of them would have to be 
classed with the schistose or gneissic rocks. 

If we except those varieties of the Yindhyan and Karndl sandstones which are some- 
times called quaitrites, the use of rocks cc^ng under thu denomination has bdbn very 
inconsiderable. Indeed the only instance Imown of a quartzite being regularly quarried is 
in the Susinia Hill in M&nbhtim. The works there were carried on fi>r some years by the 
Burdwan Paving Stone Company, and large quantities of the stone have been used in Calcutta 
for pavings, copings, and other similar purposes. There are several varieties of this material 
found ; in some there is a large proportion of felspar, when it should be called granulit 
rather than quartzite. 

Although these rocks have been so little used, the B^aur or subrndapaorphic series, in 
many parts of the country, afEord quartzites suitable for building purposes ; wherever tWe 
occur in the vicinity of Yindhyan sandstones, the latter will naturally be preferred, as they 
are in most instances much more easily worked. The vitreous fracture of many quartzites 
is iif%u}t a bar to their employment where much finish is required. 


IX.— Latsbite. 

The term laterite has been applied generically to a group of rocks which play an 
important part in the superficial geology of India. The common character which persists 
throughout all the varieties of laterite is the possession of a ferruginous element which is 
in the form of brown hydrated peroxide on the suifime, sometimes as, the bU^ck magnetic 
ore inside. The reddish-brown appearance, due to the presence of the peroxide, eilplams 
the origin of the name (later, a brick) which was, I believe, first conferred npon it by 
Dr. Buchanan. 

The various forms in which laterite occurs are due to differences of composition and 
differences of structure. The combinatioiw of these two quaUties produce almost infinite 
varieties. The prinripal structural varieties are either nodular or cellular, the former being 
the younger, and it is supposed, in^ a measure, derived from the latter. The varieties in 
condition vary much in the ^lantity of the peroxide which they contain and in the 
character of the other materials. Both classes pass off into mere detrital laterite^ to the 
ferruginons element in which they have no doubt mainly ^tributed. 

* MsdUcott, ULm. Geol. Sunw laCkib III, 17S. 
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This is not the place for going into detaala or enumerating the Tarioue theories which 
have been suggested to account for the origin of this most singalar deposit. A may be 
inentaoiie4» however^ that no theory accounts satisfactorily for the sources whence the large 
amount of iron can have been derived. 

The distribution of laterite ki India is widespread throughout the Peninsula, Ceylon, 
and in Batma. It ooonrs not only as a costal deposit underneath the Eastern and Western 
Ghftts, but also in mai^ parts of the interior, not un&equently capping lofty hills and 
plateaus to a depth of Itveral hundred feet, often producing the dead level sur&ces which 
constitute a striking feature in In^an scenery. Although ‘perhaps it shows its finest deve- 
lopment on or in the vicinity of trappean rocks, it occurs resting on rocks of all periods, 
occasioufdly far removed fioxU any exposure of trap. It has not been observed, I believje, in 
any part of the Himalayas. 

As a building stone, though it can hardly be called ornamental, it possesses some quali- 
ties which render it acceptable in the eyes of the natives ; it is easily worked, hardens on 
exposure, and wears welL In the costal districts many temples, some of considerable anti- 
quity, are built of laterite and appear to have stood well. In the Bajmehal Hills there is a 
small fort built of neatly cut blocks of laterite without mortar. These blocks have retained 
their original sharp edges, ^ 

In Midnapdr and Orissa slabs of from 4 to 6 feet long are extracted by cutting 
a groove round the slab above and another underneath, a few wedges are then driven into 
the lattef, and the slab splits off. This or a nearly similar process is used for the extraction 
of blocks of laterite in all parts of the oountzy where it is worked by natives. 

Mr. King, in bis Geology of Trichinopoli, says ; ** Where of poor qualify, the laterite 
soon crumbles away when exposed to the influences of weather and moisture, as may ba 
seen iu the basement of many of the houses in the Port of Taujore. The laterite has there 
weathered away, leaving the walls perfectly honeycombed, and the layers of mortar, which 
axe more durable, etmiding out as a regular net-work.*’ In a note Mr. Eoote adds : '* The 
laterite in this case was in all probability badly selected, for in all my subsequent observa- 
tions of this stone as a bnildix^g material, it would appear that continued exposure to at- 
mospheric influences, or wet, as in the case of tanks or bowries, only tends to improve the 
stone. Most of the religious edifices and tanks constructed of this stone show the lines v and 
angles of the carvings as sharply as though firesh from the builder’s hands.” 

Mr. H. Blanford also remarks : ** At Andanapet I noticed some carved blocks forming 
port of* on old and nuned pagoda the mouldings of which were as perfect as when first cut. 
Owing to its porous struotove, however, laterite is but little fitted for fine sculpture.” 

Iiaterite has been largely used in the works in connection with the irrigation operations 
in Orissa. The anicut on the Kossai at Midnapfir has been altogether built of this mate* 
riaL The stone for these purposes has, I believe, given the engineers much satisfaction. 

The Vdlour oniout 4t Chetia-tope near Bhowagiri in the Trichinopoli district is partly 
built of laterite. 

Dr. BsUour gives the Arcade Inquisition at Goa, Si. Mary’s Church, Madras, and the old 
fortress at M a l a c ea, as examples of its use in the oonstruefdon of buildings by Europeans.* 


OmL SaXv., India, 1, p.te77.’ 

W. g. ailOflNfd. e& LsMte, Meoi. Osol. eonr.. India, I, p. MO. 
& miriM jtoaUiem India, 

BaUtor, CialB|Kadia, Art. 
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BaU Building and Omamental 8t(nm of India, 

For building puiipoaes, more particularly for roofing, aktes have not been much used 
in India, except in some of the stations of the North-West Himalayas. This is probably 
due to two causes, the first and principal being that in th^oriental style of flat-roofed archi- 
tecture which is generally adopted for British buildings in India, slatei^ could be only 
partially employed, and in the alluvud districts their place is amply filled by tiles. 

Secondly, most of the slates haown to oecur in India, are mther non-eleavable, or, if 
cleavable, retain also their lamiiuited faces* The laminated slates are difficult to work into 
sufficiently thin layers, and are not much used, as an undue amount of timbering becomes* 
requisite to support the weight of slates of this character. ^ 

At Dalhousie there are some large quarries in which there are slates and schists of 
various qualities. The best are said to be much more schistose than Welsh slates, still 
they are readily fissile, can be easily dressed, and can be obtained of considerable size. The 
fissile plains are in this instance parallel or nearly so to those of lamination. 

The slates in use at Simla* according to Mr. Medlicott, distinctly laminated, and 
in every way inferior to those obtained along the flanks of the Dh&oladhfir, and which are 
used at DalWsie and Bhurmsala. 

the quidities of which are not so well known, are also obtained at Ferozpdr, Pali, 
Chimnawar, and Sonah^ all in QurgSon, and at Attock, Abbotabad, and Spiti. * 

At Chitdli, in Kumaon, occurs a slate which it was proposed to employ for roofing pur- 
poses at Eanikhet and other places. Mr. Hughes, comparing this slate with the Welsh 
standard, writes : ** It ffiffiers from the latter in splitting along the lines of lamination 
instead of the planes of cleavage. It is coarser in texture, more silicious (sandy), heavier, 
and has a duller ring on being struck.** The supply is ample for all possible requirements, 
an^lahs of a foot square, i of an inch thick, can be obtained easily. 

In the Bubmetamorphic rocks (B^aur series) of Ghota Nfigpur slates not uncommonly 
occur. In these the fissile planes are for the most part those of lamination. In Manbhum 
I met with a bed, however, which had most distinct cleavage structure, but there was also 
a tendency to split along the layers of lamination ; thus, this rock breaks up into regular 
prisms at the surface, but it is not impossible that a good slate might be obtained, as the 
material is compact and dense. 

In Chaihassa the school-boys have only to run down to the stream near the town to 
obtcdn a new slate for doing their sums on. 

In the Karakpdr Hills, near Monghir, slates have been extracted. 

The demand for slate is sO small in Calcutta that 1 do not think it probable that these 
slates will ever be quarried to any laige extent. 

In the Champanir beds between Boorajpdr and Jumboiqg^ra, north-east of Baroda, 
there are some slates which, as far as can be judged from their appearance at the surface, are 
considered promising by Mr. !Manford. 

In the Bijaur series near Bfigh there are alsq slates whioh ^ are not so fine grained as 
the preceding, but some of which might perhaps answer for roofing purposes. 

• Soineof the pUtes which have 1»6enuiM' at ffiafliii ’for to hate laefod for hioBiMa of 
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ClaiMiIatw wonr boUi in tbe Kiidnpn and Kuntil Cumiaiaimt in Madr«a{ bat though 
thin dabo aaa ha ahUnad, th^ am not anited for roofing poipoaet, and ntoe liardar and 
more dnraMa ntone b ohtainahk their employment &r flagging b not reornmnended. 

IMUloottp K. W. Blnudajtt, M«m. Geol. Smw^ Indl*. m, p, 17*. 

Haghes* notct on tho tUtai at CUtili, Kumion, Beoordf, Gaol. Saw^ India, III, p. 41. 

Bbnford, Geology of Weetern India, Hem. GeoL fikunr., India, VI, p. tl7. 

King, Kadapa and KamlU finrmaUoiUb Hem. GeoU Snrr., India, VIII, p 281 


SSCOKD HOTS OK 1S1 HATEBULa FOB IBOK HAKUFACTUBB IK TBB RXkIGAKJ COAt-FISID, 
hy Tbxopobb W. H. Htrefiss, a. b. a. h., f. o. a., Geoioffical qf India. 

In continuation of my former paper* on the raw materials for iron smelting in the 
B&niganj fields I have a few analyses of iron ore and knnknr to record which will afford a 
more complete series for computing their values than already exists. 

Jrca-ore!— The percentage of iron in several different samples of ore from various 
spots in the B&xugaaj field has been given in the Memoirs of the Geological Survey,t but 
the imgpurities were not separately estimated. In the following analyses the dbonnt of 
alumina^ lime, pbosphorio acid, and insoluble residue, besides the iron, is indicated ; and a 
usefhl comparison can be instituted between the B&niganj ores and those of other countries. 
All the samples are derived from the iron-stone measures, known geologically as the iron* 
stone shales group, and they were collected entirely in the western portion of the field 
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Fkofpht/fw^’^kb. AMiMt of oontaiiied in these samples shows that 

the mioiffiom quantity u ^ per oeiiit, whik the maxiniam b 1*18 per cent. :— 


BsgAiib ... 

M ••• 

BoUlih ... 

Cihalbilper ... 
Kttti 
StbpAr 

MaUkotf ... 



*» 

•?1 


104 

112 


These results indicate that much of the ironstone might be employed for the production 
of iron, but that some of them are bad. 


It b possible that the quality of certain beds may be regular or nearly so, in respect to 
the amount of phosphonu they contain, and that by selection we may avoid the use of such 
bands as may be nnsuitabb. Thb feature must be determined before a final opinion can be 
expressed on the value of the ironstones. 

Proportion qf tron.— The proportion of iron is much larger than that contained in the 
bulk of ores employed in Bngbnd; and some spedmens are much richer than b indicated 
by the foregoing analyses.* ^ * 

JTimlricr.— -These samples were examined by Mr. Tween, showing the amount of oxide 
of iron, |lnmina, insoluble reudue, water and organic matter eontuned in them. The mini- 
mum quantity of carbonate of lime is 64 per cent.— > • 





Banadrl. 

Udmnagar. 

Sdnktorla. 

losolttblo ... 



40*6 

S04 

27*2 

(«lk») 

Oxide of iron and alumina ... 



(W8) 

27 , 



Carbonate of lime... ... 



640 

06*4 

06*3 

Water and m-ganio matter ... 



27 

2*3 

4*6 


Other samples of kunkur from the above localities gave of carbonate of lime— > 

Bann4rl ... ... ... ... Oil per cent. 

Bimnagar ... ... ... ... ... 64^ „ 

Sinkiorfa ... ... ... ... ... 06*12 „ 

Hie finest specimens were since fumbhed ty Mr. Hynd, of BMrL They contdined as 
much as 79*6 per cent. A few analyses (in subjoined tsbb) placed at my diqpesBl by 
Mr. Dqoux show a range from 56*94 to 78*50 per cent, of carbonate of lime, giving an avemge 
result for the entire series of analyses of about 65 per cent. With thb proportion of car- 
bonate of lime, kunkur will be quite capable of acting as an efficient flux. 


Carbonate of lime 

Carbonate of magnesia 

Oxide of iron ... ••• *** *•« 

Clay ... ... ••• ••• 

Sand (free) 

Tor ail •- ' 

BdnigBBj' 

B4aiigai)j. 

Bdniga^). 

Banrikar. 

Bhlokdnd. 

720 

1*20 

70 

220 

20 

66*04 

172 

1*07 

200 

w 

e6*m 

27*00 

2*30 

00*20 

1*60 

200 

2200 

rso 

78*60 

200 

2*00 

10*60 

700 

lOOOO 

lOOOO 

10000 A 

lOOOO 

100*00 


* A sample from the MadipSr property of the BdiiigaBj Goal AMOctitlM yielded aa mitoh" as S2*4S per cent, of 
iron, and laterite from the BBme locality gave 2il*k smt., which la aWre lib average Ihc thatfhm of ote. 



.MemruU uf Ae G^^logical India, [voi;. .VH* 

ktti^kur th«i:« i|, «ome impnre, rook^liqi^eatoiia^ ne$w the Tillage of 
P4h&r]^dr at the of Panchet Hill. Il js a wall known >M* Wid ie m^ke^ np if©?fised 
ttif^ of ^j^&aiganj field. It contains 56*43 per cent, of carl^nate of UmOxatid varies in 
thickness from 12 to 15 feet. A large quantity of stone imght be pbtdned from it, but it 
posteM^ the ^advantage of dipping at a high angle. ^ 

CdUsareow no(fu2es.-*There is, in addition to knnhur and rock-limestone, another source 
of fitix, and that is the calcareous nodules in the clay beds of ther Panchet series. The 
averagi^ proportion of carbonate of lime irae found to be 66*8 per cent. The importance of 
this supply is quite subordinate to the kunkur, but it is well to bear it in mind. 

Calcareous concretions also occor^ in the Tdlcbir series. 

JAmesioM hej/ond iha field^’^lxi reference to limestone beyond the field, I have no 
additional information to record regarding the stone discovered by my colleague Mr. Mallet; 
but 1 have had an opportunity of inspecting a small quantity of limestone brought from 
the south side of the Pamddd near Bdnigaiy. It looks esdremely pure, and if it occurs in 
anything like quantity, it would be of great value.* I scarcely anticipate, however, that it 
will be found in abundance, and the kunkur will, in the event of any attempt to establish 
large iron works, probably be the flux on which to rely. 

TJse if kunkur in Birhhum iron workSi I860.— Kunknr was successfully employed in 
the Birbhdm iron works, and Mr. Blanford, when reporting upon them in 1860, records as a 
fact that Mr. Casperz, the manager, found it advantageous to partially bum the kunkur and 
then to slake it, in order to separate the more impure external parts. 

This process could only be advantageously applied to the more regularly concretionary 
varieties of kunkur, showing cenljical concentration, for the ordinary form of this rock is 
without any distinctive purer core. 

JRelaHve quantity of ore and kunkur , — stated in my former paper that equal quanti- 
ties of ore and kunkur would be required for the production of iron in a blast furnace. 
In the Birbhdm works, a less proportion of kunkur was found to be sufficient^ only 3 of 
kunkur to 7 of ore being necessary. Okarooal, however, was the fuel then employed, whereas 
in my experiments, coke oontaining as mock as 80 and 40 per cent, of ash was used, and 
the ore was not quite so dean. With better coke, and an ore with an average of 42 per 
cent, of iron, the amount of kunkur requisite would be less. In estimates of the cost of 
manufacture, howevisr, it is as well to he on the safe side, and equal quantities ought to bo 
allowed for. 

the production of malleable iron, the direct process, which, I am 
indirectly informed, has boon quite rwsently ^rfected by Dr. Siemens, greatly improves the 
prospect of t^e undertaking in India, for the impure as well as fi>r the purer ores. One of 
the chief objections made to this process by iron-masters in England, that a greater propor- 
tion of the iron passes into the dag than occurs in the present method of manufactarc, 
does not apply to the case in India, where a saving of materials is quite a secondary consi- 
deration to thkt of a savi^ in skilled labour. 

The adyantage olaiiued for this process, of not bringing the phosphorus into combina* ' 
tiou with thle one of the most serious impeffiinatts to the devskpment of the 

great advautajj^^loi^ W^ offtsrwise possessed by tiie Bduigaiy coal-field. 


* Shwsft isHtiUg the tave yislted tho loosUtjr 'Whence the UmoBtoae wen hnken. It occurs as nearly pure 

* bed ol gneiss, it wUl pay for extfaetten for 
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In oonn^cddn with the qnesboii of iron-numn&eiore in India, it will be of inteieet to 
notice a dii^overy I made this year, wfthin the iimits of the Wardha coal-field, of a deposit 
of manganese which is at present an ingredient of great sendee in the process for conTert- 
ing iron into steel, although its prime function in that procHs, and the presence of a certain 
proportion of manganese in the best steel, are questions still under discussion. 

In 1869 1 drew attention, in the manuscript report of my season’s work, to *the 
Occurrence manganifeious sandstone in the Efimthi series, but the proportion of manganese 
to the other constituents of tiie sandstone was altogether too small to render my disooyery any- 
thing more than merely interesting. This year I was fortunate enough to m^ with a much 
more available source of manganese, and it is this source which I wish to draw attention to. 

The ore occurs in botryoidal masses in the red clays of the K&mthi series around Maffigarh 
Hill. These concretionary lumps as usual contain much foreign matter, but the proportion 
of oxide of manganese is considerable. An analysis by Mr. Tween gave: 


Manganese ore— j , 

Loss on heating ... ... ... 8*5 

Oxide of manganese ... ... ' 44*6ft 

Iron and alumina ... ... ... 6*8 

Sand and clay ... ... ... 40*1 

Total ... 100*0 


The physical characters are those of psilomelane, which is a proto-peroxide of manganese ; 
hard, having a bluish black colour, submetallio lustre, and a brownish black streak. 

Of the ores of manganese this is about the most abundant. It is closely allied to 
pyrolusite, and by some mineralogists is considered to be only an impure variety of it. 

I did not attempt to estimate the probable quantity procurable from the beds in which 
this ore occurs, as I wished before traring it out closely to have its value determiiied 
analytically. I remember, however, being impressed with the idea that there was a large 
amount of it, of more and less purity than the sample I sent to our MuseuncL 

None of our Indian iron-ores are known to contain more than a trace of manganese, 
and the independent ores of this metal seem to be somewhat scarce. 

In the Fanjab it is said to come from Jammu, which may mean anywhere within 
the extensive Himalayan territory of the MahdiAj of Kashmir. 

In Madras it is said to occur near Vizianifigram, in Kamdl, Maisdr, and the Nilghhns. 

In Barmfi, it has been reported upon by our own officers and others. 

In Bombay an earthy mixture of iron and manganese oxides, occurring as a dark brown 
powder in magnesian limestone, was found this year by. my colleague Mr. Foote, at Bhimgai'h 
in the Belgaum district. Its composition is— 

Water and organic matter 14*6 

Oxide of iron and a little alumina ... ^ ... 92*0 

Binoxideof manganese . • ^ ^ ... 9(H) 

Insoluble ••• «• ♦ 44*8 


101*4 
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Tbd boosmnption of ikuuififa&eie ore hem hitherto been vei^ unimportant in Injlhi ; hut if 
the estenrive plane now under ooneideration ibr the oonvenden ci the pure ironHUBeof Lohirh 
be ever oanied ont» we may expect a coneiderible demand iwc manganeee. 
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DOKATIONS TO MUSEUM. 


May 21st.— Fart of lower jaw of Mastodon, from the bed of the Chnmbul, Dholqnre. 
Presented by D. A. UiWN, Es^, o* s. 

Specimen of the rock from bottom of a deq» well (560 feet) at Bikaneer. Presented by 
CoLoviL McMahon, Hiesar. 


ACCESSIONS TO LIBBARY. 


Fbou IST Apul to 90th June 1874. 

Ihtlee of Books. Donors. 

Beechreibung der kolonie Victoria, (1878), 8to. 


V. Baai. 

BLUH,Dn. J. B.— Handbnch der Idtholc^ oder Gesteinlehre, (1860), 8ro., Erlangen. 
Catulio, T. a.— D ei Teneni di eedimento Superiore delle Veneeie, (1856), 4to., Padova. 
CotiLivs, Jahbs. — Beport on the Caontohonc of Commerce, (1872), 8vo., London. 

Dawsoh, J. W.— The Story of the Earth and Man, (1878), 8vo., London. 

Dblxssb, M.— Lithologic dn Pond des Mere. Texte, Tableaux, and Atlas, (1871), 8vo., Paris. 
PxBSBirius, Db. C. B.— Quantitative Chemical Analyue, (1878), 8vo., London. 

Gbikib, Javbs.— T he Great Ice Age, (1874), 8vo., London. 

OxiNXTX, Dn. H. B.— Dyas oder die Zeohstein formation und das Bothlicgende, Heft. I, 
(1861), 4to., Leiprig. 

Giunn, Wif.— Mission at the North American People, Geographical, Social, and Political 
(1878), 8vo., Philadelphia. 

Jitkbs, j. B.— The Students’ Manual of Geology, 3rd Edition, (1872), 8vo., Edinburgh. 
MoUiBB, j. D.— Institut fiir Mikiosko^% PreisveoaBeiohniss Mikroskopisoher Praparate 
(1878), l2mo., Wien. 


Nicholson, H. A.— A Manual of Paleontology, (1872), 8vo., Edinburgh. 

Phillips, J. S*— The Xb^oreis’, Miners’, and Me^lurgists’ Companion, 2nd Edition, (1878), 
Svo., San PranolBoo.^ 

Twentieth Annual Bephrt of the Begents of ihe University of the State of New York 
(1868), 8vo*, Albany. 

WtNCHBLL, Pbop. A.«-The Geology of the Stars, 8vo., Boston. 


PBBtODlCAIS. 

Ameriesn Jomnsal of Seknoe and Arte, 8rd Series, Vol. VII, Nos. 88—40, (1874), 8vo. 

New Bavem^ * 

Annales dmUtmtA Baries, Vd. IV, \in. f, (1878), 8vo., Paris. 

L’AdMINSTB. DBS Minbs. 

Aiarts and Magmine of Natuml History, 4th Series, Vol. XUI, Nos. 78-77, (1874), 
8vo., London. 

0mm Vol. II, No. I* <W4), 8vo., TorintA 


Thb Aothob* 
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GKsogBiphieal N6. 1, (1874)» 6va»t Loodon. 

Geographiflohe Hitthdlmigen, Band XX» Nn. 8. (1874)^ 4kk» QMia. 

G^logical Magadne, New Saries, Deoade 11, VoL I, Noe. 8jp5, (1874), Sto., London. 

Indian Economist, with Agrioultaral Gaaette and Statutioal Reporter, Yol. Y, No. 8, (1874), 
4to., Oaloutta. 


Gotiskmbnt of India. 


London, Edinburgh, and Dublin Philoaophioal Magadne and Journal of Science, 4th Series, 
Yd. XLYII, Nob. 811--813, (1874), 8fo., London. 


LuTNBa, LB Due DB.— Yojage d' Explorailon k la Mer Morte, a Petra, et aur la Rive 
Gauche du Jourdain, livr. 18^14^ (1874), 4to., Paris, 


Mabtini und GRBHNIM.--S7etematische8 oonchjlien-cabinet, lief. 210—824, (1878-74), 
4to., Niimberg. 


Nature^ Yol. IX, Nos. 889—835, & X, 836 to 840, (1874), 8vo., London. 


Ocean Highways, New Series, Yol. I, No. 18, (1874), 4to., London. 

PalfiDontographica, Yol. XIX, lief 6 & 7 ; XX, Abth. I, lief 1—6 ; Abth. II, lief 1 — 4; XXI, 
lief 1—6 ; XXII, lief 1— 4i with supplement and atlas, (1871- 
73), 4to., Cassel. 


Pfbiffbb, Db. L.— Malakozoologiscbe Bl&tter, Band XIX, XX, and XXI, Bg 1—13, (1878), 
* 8yo., Cassel. 


„ „ Novitates conchologicw, Land-odkichylien, lief 4D— 43. 

Supple. Ill, lief 32—37. 

„ IV, „ 9—19. 

„ Y, „ 1—3, 4to., Cassel. 

Professional Papers on Indian En(^neering, 8nd Series, Yol. II, No. 18, (1874), 8vo., 
Roorkee. 

Civil Ehoznbbbino Collbob, Roobkbb. 
Quarterly Journal of Microscopical Science, New Series, Yol. XIY, No. 54^ (1874), 8vo., 
London. 


Quarterly Journal of Science, No. XLII, (1874), 8vo., London. 

Reports of the Mining Surveyors and Reg^trars for quarter ending^Slst Decemben 1873 
(1874), flso., Melbourne. 


Mining Dbft., Yiovobia. 

Sandbbbobb, Db. P.— Die Land und Siuswasser-conchylien der Yorndt^ Uof 4—10 (1871-73), 
4to., Wiesbaden. 


GOYBRNMENT SELECIIOKS» Ac. 

Bbngal.— Report of the Meteorological Reporter to the Government of Bengal. Meteoro- 
logioal Abstract for 1873, (1874), flac., Calontta. 

GoVlBNllSNff OF BBNOAL. 
Bepor^ on the Revenue Survey operations of the Lower Provinces from 1st Oo- 
” tdwr 1878 to 89th September (1874), dsc., Odeute. 

Dmo. 

Boiebat.— G eneral Report on the Administration of the Bombay Presidency for 1878-73, 
(1874), 8va, Bombay. 


I GoviENBCsnt OF Bombat. 
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Titlee qf Books. Donors. 

Ooo&o.--<-Repovt on the Administration of Cooi^ for 1872^73, (1878), Sro., Bangalore* 

Goysukukt of Ooobo. 

MiJ>BA8/«-Beport on ilie Administration of the Madras Presideney during the year 1872-73, 
(1874), 8vo., Madras. 

Goyebnhent of Madbab. 

MT 80 Bl.-*Beport on the Public Instruction of Mysore for 1872-73, (1873), 8vo., Bangalore. 

Ch>VEBirMEirT OF Mtsobb. 

„ Report on the Administration of Mysore for 1872-73, (1878), 8vo., Bangalore. 

Ditto. 

N. W. Pbovikces.— Report by the Board of Revenue on the Revenue Administration, 
North-Western Provinces, for 1872-73, (1874), flsc., Allahabad. 

Govt, op N. W. Pbovinces 
* 

, TRANSACTIONS OF SOCIETIES. Ac. 

Axbahy.-— C gLViE, V.— Report on a topographical survey of the Adirondack Wilderness oi' 
New York, (1873), 8vo., Albany. 

The Authob. 

Bbbltn. — Abhandlungen der konig. Akad. der Wissens. zu ^Berlin, (1804-71), 4to., Berlin. 

„ Monatsberiebt der konig. Preuss., Akademie zu Berlin, Jantji^ry— April, (1874), 
8vo., Berlin. 

I The Academy. 

„ Zeitschrifl der Deutschen Gedogisehen Gesellschaft, Band XXV, heft 3, (1873), 
8vo., Berlin ^ 

The Society. 

Bobdbaux. — ^Actes de TAcaddmie des Sciences, belles lettres et arts do Bordeaux, Vol. I~XI, 
(1839-49), 8vo., Bordeaux. 

Bostoe.— Memoirs of the Boston Society of Natural History, Vol. II, pt. II, Nos. 2 A 3, 
(1872-73), 4to., Boston. 

Tbe SoctETY. 

„ Proceedings of the Boston Society of Natural Histoiy, Vol. XIV, pp. 225— end, 
A XV, pts. 1—2, (1872), 8vo., Boston. 

• ^ Ditto. 

Bcbeos Aibbb.— A nnals del Museo Buklico de Buenos Aires, pts. 1—9, (1864-71), 
4to., Buenos Aires. ^ 

Calcutta.— Atchceologica! Survey of India; Report for I871<-72, Vol. IV, (1874), 
8vo., Calcutta. 

Home Dsfabtuent. 

„ Journal of th4 Astatic Society of Bsugal, New Series, Vol. XLIII, pt. I, No. I, 
A pt. II, No. I, aS74)» 8vo., Calcutta. 

The Society. 

„ PlPMeditigB ol the Asiatic Society of Bengal, Nos. 2—5, (1874), 8vo., Calcutta. 

m Ditto. 

„ JoUfttid' of tbe AgrieoHUMd and Horthmltiirfld flosiety of India, New Series, 
Vol. IV, pt. 2, (1874), 8vo., Caldntta. 

Ditto. 

», Records, Geotcigical Survey of India, Vol. VIl^ pt. 2, (1874), 8vo., Calcutta* 
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!niles qf Boohs. Donors. 

CAHBiADaB MAS8,«-Memoini of the Americau Aoademj of Arts and Sciences, New Series, 
VoL IX, pt 2, (1873), 4to., Cambridge. 

Thb Agademt. 

„ Proceedings of the American Academy o^Arts and Sciences, Yol. VIII, 
4 pp. 409—504, (1872), 8vo., Cambridge. 

Ditto. 

„ Proceedings of the American Association for the advancement of Science, 
Yol. I — ^XlII, (1849-60), 8vo., Cambridge. 

CoPENHAOEX,— Mdmoires deTAcad^mie Royale de Copenhagen, 5th Series, Yol. X, Nos. 3—6, 
(1873), 4to., Copenbageh. 

The Academy. 

„ Oversight over det kongl. d. videnskaberncs Selskabs, No. 1, (1873), 8vo., 

Copenhagen. 

Ditto. 

Dijon.— Mdmoires de J'Acad^mie Imperiale de Dijon, 2nd Series, Yol. XI, (1864), 8vo., 
Dijon. * 

Gottinqen. — ^Abhandlungen der konig. Gesells. der Wissensohaften zu Gottingen, Band 
XYH, (1872), 8vo., Gottingen. 

The SbciETT. 

„ Nachrichten von der k. Gesellschaft der Wissensohaften ans dem Jahre 1872, 
(1872), 8vo., Gottingen. 

Ditto. 

Koniosbebo.— S chr^n der konig. Physik.-okon. Gesellschaft, Jahg. I ; II, Abtb. 1 A 2, 
A III Abth. 1 A 2, (1860-63), 4to., Konigsberg. 

Lausanne. — Bulletin de la Socidtd Yaudoise des Sciences Natnrelles, 2nd Series, Yol. XII, 
i Nos. 70 A 71, (1873), 8vo., Lausanne 

The Society. 

London.— B ritish Museum— Gray, Dr. J, E.— Hand-list of the Edentate, Thick-skinned, 
and Ruminant Mammals in the British Museum, (1873), 8vo., 
London. 

Bbitish Museum. 

„ Journal of the East India Association, Yol. YII, No. 3, (1874), 8vo., London. 

Association. 

„ Proceedings of the Liteiaiy and Philosophical Society of Liverpool during 
1872-73, No. XXVII, (1873), 8vo., London. 

The Society. 

Proceedings of the Royal Gei^phicitl Soriety, Yol. XVIIJ, No. 1, (1874), 
8vo., London. * 

Ditto. 

Proceedings of the Royal Institution of Great Britain, and List of Members, 
” 1873, Yol. YII, pts. I A II, Hos. 58 A 59, (1874), 8vo., 

London. * » 

' The Inshtutiqn. 

„ Proceedings of the Royal Sodeiy, Yol XXI, Noi. 147—150, (1873-74), 8vo., 

London. - 

Royal Society of London. 



130 


Reeordt of the Geological Survey of InMa. 


[VO.L. VII. 


aWfe* gf Booit. Down. 

Loirsoir.-- Qurterly Jonntalof the Geological Soaeiy, Vol. XZX, pt. I, No. 117, (1874), 
8vo«» London. 

Thb Society. 

MblbOxtbkx.— ^G eological Survof’ of Victoria— S myth, B. B.— Eeport of Progress, (1874), 
8vo., Melbourne* 

The Suevey. 

Moscow. — ^Bulletin de la Sooidtd Impdriale des Naturalistes de Moscou, 1863, Nos. 1-^4, and 
1873, No. 3, (1863 1873), 8vo., Moscow. 

The Society. 

M UNCHBN.— ‘Abbandlungen der Matb-pbys. classe der k. b. Akad. der. Wiss. bu Miincben, 
Band XI, Abth. % (1873), 4to., Muncben. 

The Academy. 

„ Sitzungsbericbte der Matb-phys* classe der k. b. Akad. der Wiss. zu Muncben, 
1872, heft 2 & 3, 1873, heft 1 & 2, (1872-73), 8vo. Miinchen. 

Ditto. 

„ Annalen der konig. Sternwarte bei Miincben, Band XIX, (1873), 8yo., Miincben. 

Ditto. 

„ , Der Antbeil dor Entwickelung der Eleotricitats* lobre, (1873), 4to., Muncben. 

Ditto. 

DdJDLiEOEE, J. VOK.— Bede in der offentlicben sitzung der k. Acad, der Wissens, 
am 26 Jule, 1873, (1873), 4to., Muncben. 

Ditto. 

M VerzeicbnisB der Mitglieder der k. b. Akad. der Wissens., fl873), 4to., Muncben. 


PH1LADEX.FB1A.— Journal of the Franklin Institute, 3rd Series, Vol. LXVl, Nos. 5 A 6; 

rXVII, Nos. 1 A 2, (1873-74), 8vo., Philadelphia. 

The Institute 

Kome.— Bollettino B. Comitato Geologioo d* Italia, Nos. 1—4, (1874), 8vo., Borne. 

Geological Society op Italy. 

SALEim— Bulletin of the Essex Institute, Vol. IV, Nos. 1-12, (1872), 8ro., Salem. 

^ The Institute. 

St. PeTsesbubg.— Bulletin de rAoaddmie Impdriale des Sciences de St. Petersbourg, 
Vol. I— VI, (1860-63), 4to., St. Petersburg. 

Stbasboueg. — ^Mdmoires de la Somdtd des Sciences Naturelles de Strasbourg, .Tome VI, 
livr. 2, (1870), 4to., Strasbourg. * * 

TobONTO. — Canadian Journal of Science, Idterature, and History, New Series, Vol. XIV, 
No. 1, (1873), 870., Toronto. 

The Cahadiah Institute. 

ViitNNA.— H aueb, F. Kit. voN.*^G6ologiBcbe Uebersiobts karte der Oesterreicbiscb— 
ungariscben Slonarcbie, Blatt, Nos. 4, 7* 8, 9, 11 A 12, (1869-73), 
Svo., Wie^. 

The Vienna Institute. 

7firbandiuiigea der k. k. Zool. boianisoben Qesellscbaft in Wien, Band XXII, 
(1872). 870.. Wien. 
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Titles ef JBooles. m Donors. 

« 

WASHfNaToir. — Beport of tbe Commissioner of Agnculture for 1871-72, (1872-73), Svo., 
Washington. 

Dept. Agric., U. S. A. 

„ United States Geological Surrey — Cope, IPeop. B. D. — Synopsis of New 

Yertehrata from the Tertiary of Colorado obtained during tbe 
summer of 1873, (1873), 8vo., Washington. 

F. V. Hatdee. 


United States Geological Surrey— •Gannett, H.^Misoellaneous Publications. 

No. 1, Lists of Elevations in that portion of the United States 
west of the Mississippi River, (1873), 8vo., Washington. 

^ Ditto. 


„ United States Geological Survey— Gannett, H.— Miscellaneous Publica- 

tions. No. 2. Meteorological Observations during 1872 in Utah, 
Idaho, and Montana, (1873), 8vo., Washington. 

^ • Ditto. 

Wellington. — Transactions and Proceedings of the New Zealand Institute, Wds. IV and V, 
(1872-73), 8vo., Wellington. 

Wiesbaden. — Jabrbiicher dos ’*Vereins fiir Naturkunde im Herzogthum Nassau, heft 
I— XXIV, (1844.-70), 8ro., Wiesbaden. 

Zurich. — Neujahrsblatt von der Naturforschenden Gcsellschoft auf das Jahr., 1873, No. 75, 
(1873), 4to., Zurich. 

The Society. 

„ Vierteljahrsschrift der Naturforschenden Gesellschaft in Zurich, Jahrg. XVII, heft 
1 — 4, (1872), 8vo., Ziiricb. 

Ditto. 

„ Nouveaux Memoirs de la Socidtd Helv5tique des Sciences Naturelles, Band 
XVII— XXIV, (1860-71), 4to., Zurich. 
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The Shapue Coal-field, with notice of Coal-exploeationb in the Narbada, region, 
H. B. Medlicott, h. a., f. g. s., Deputy Superintendent, Geolopioal St^ey of 

India* 

Section l.-^Noticcof recent exploration. 

M 2.— The weatem extenaion of the Satpum baaio. * 

„ 3.— Poaaible coal-fields on the lower Narbada. 

,, A— 'The Shapur coal-field. Sumnuuy. 

I.^Noticb of recent exploration. 

The queetion of the coal-supply in the Narbada valley has now been for long before the 
public, and is still unsettled. Mohpani is still the Only locality where workable ooal is known 
to occur ; and the extension of the coal here is as yet unproved. Since December 1872, explo- 
rations have been carried on in several places under the orders of Government, but so far 
without result. The region to which these remarks apply is the northern portion of the 
great Satpura basin of the coal-bearing rocks, within comparatively easy reach of the Great 
Indian Peninsula Railway. It has long been known' that there are numerous outcrops of 
coal along the south margin of the field ; but the distance would greatly add tp the coi^t of 
exploitation. To that ground, however, we must have recourse if our endeavonrs to find 
coal in a more favorabfe position prove unavidling. With this in view, a survey was made 
during the past season of the western and more accessible portion of the southern region, 

known as the Betul or the Shdpnr coal-field. ^ 

* 

Before proceeding to describe this field, with the Ad of the annexed outlme-map,! would 
give a sketch of the explorations up to date. It cannot be said that any of the experiments 
has proved a failure, because no one of them has attained the full limit contemplaM for 
the search. No success, however, oan he reported as yet; andiu one case some disappointment 
has to be recorded. Having had the entire responsibility^ of (loosing the positions for the 
trial 'borings, I am, of course, anxious, for the satisfoction of Government, that a right under- 
standing should exist of the grounds upon whi<di 1 dedded it is so easy afier the foot to 
condemn a j^oject as hopel^; and there are always people ready to take the credit of 
wisdom on such occasions. The data available wete never nKtfo than could warrant a fair 
possibility of success, as was duly explained at the fir^ 
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mgnilflff laode of proceeding in this inTesligation would have been to e:{ploTe the 
measures at Mohpani*— to see how the coal-seams behave on this side of the basin 1:o the 
deep of their only oatoropn Information might thus have been gained giving some grounds 
for a definite opinion ,as to the position and depth of the coal elsewhere abng this region. 
This course was not available, ^he ground being in the possession of the Narbada Coal 
Company. The interests of this colliery depend largely upon the conditions in question ; but 
as yet<little or no light has been thrown upon them — no coal has up to date (June 1875) been 
fotmd bejond the limits of the faults against which the original working stopped. 

Thus the attempt that had to be made was not that of exploring a known coal-field, hut 
to look for the coal-measures in a great series of formations where it was known they might 
occur. The explorations proposed were of two kinds: one depending upon the unknown 
limits of the rock-basin itself ; the other upon the unknown lie of the coal-measures within 
the known area of the basin. 

So far as appears on a geological map, the northern Hmit of the rocks with which the 
coal-measures are associated would approximately correspond with 
vdleyStheSr«l»dSf wfegular line indicating the southern edge of the 

• alluvial plains. Along certain portions of that fine narrow outcrops 

are seen of metamorphic rocks ; and where these appear, the continuity of the younger rock- 
basin is, of course, cut ofiE. There are, however, wide gaps where no older rocks appear, where 
the valljpy-deposits rest against the eoal<»bearing formations. It was for a time supposed that 
the junction of the sandstones with. the metamorphic rocks occurred along a great fault, by 
which the newer rocks were thrown up to the north and removed. Were this so, we should 
be entitled to ^aw a fixed fault-boundary to the possible coal-bearing ground across those 
gaps between the exutlng outcrops of the metamorphics. From a careful study of the rock- 
junction where seen, I came to the conclusion that no great fine of dislocation could be 
proved : the actual contact of the two rock-series was almost everywhere found to be the 
original one. I even got remnants of the younger strata on the north flanks at the same level 
as on the south of the narrow ridges of metamorphics. It thus becomes apparent that the 
gaps in the present boundary, where the alluvium laps against the sandstones, may only 
represent bays in the original edge of the basin of deposition of the coal-bearing formations. 
A full discussion of this question is given in my last report upon this ground \ it can only be 
by a revision of that discussion that the exploration for coal in these blank areas can be shown 

to be unwarranted. 

« 

The Mohpani colliery, on the Sitariva, lies in the centre of one of the longest of these 
blank portions of the boundary. Almost the last rock seen in the river is the coal, in full 
strength, underlying steeply towards the plain. An attempt was made to work the coal 
here, but it was found to be too much broken and crushed to be worth extracting. It was to 
l^e north^of this position that 1 recommended borings to be made in the allnvinm, close to 
the branoh tafiway, where coal, if ffiund, w6uld be very favorably situated. There were 
other doubtful conditions besides the principal one already indicated: the bay may 
havb Iteen there, and yet the coail deporits have found small place in it : or whahiver had 
Ibnnd there may have been to a greet extent cleared ont by the excavation of the 
hollow in wiidh the eUuvium now lies* The probability^ enoh as it is, of coal existing under 
4my conittd^(rii|Wft; |K^ of the immeniS" area covered by the allnvinm seemed sn&ient to 
so^ upon the search* Boring was attempted at Gadarwara station and at 
to andi|d|GBi^. miles fmm the boundary* The Ibrmer trial brpkt dbwa at a depth of 

to a depth of 491 fmt, yet without piercing 
thtcnE^ ihe vaUe^ Both tl£ei|e kiris were started when boring implements were 
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deficient j and aIthou]^fi I gave 500 feet poeiible thicknees for the alluviam, I oeriainly 
expected rock to be struck at a less depth ; thus the borings were not began on a sufilciont 
scale for Such a depth where piping had to be used* throughout. 

There was nothing whatever for a positiro opinion that the superficial deposits would 
be so deep. The Narbada fibws on the north side of thii broad plain ; and within com^ 
paraUvely short distances throughout its course it touches rock, leaving the valley through 
a narrow rocky gorge 100 miles to west of, and at a level' about 200 feet I^Bow, the surface at 
Gadarwara. This gorge is the lowest lip of the rook-basin of the actual valley ; for the 
watershed on all sides is on rock. We have thus at least learned from this Sukakheri boring 
an interesting geological fact regarding the depth of the pleistocene valley. 

A complete prognosis of the case would involve also the consideration of yet another, 
great valley of excavation in the same area, but regarding which our information is still 
more obscure. The valley occupied by the pleistocene deposits was to a great extent cut out 
of the great trappean formation, which had filled up a previous valley to the full level of the 
highlands on the north and south. Both to east and west of the Sitariva bedded trap is, at 
several places, the last rock seen passing under the alluvium at the south side of the valley. 
Locally, too, it is underlaid by thin fresh-water deposits supposed to be of upper cretaceous 
ago. That pro-tertiary valley to some extent corresponded with the existing feature, being 
prlmdpally bounded by the Vindhyans on the north and the Mahadeva bills on the south ; 
but it is improbable that its line of discharge was the same as that of the present Narbada. 
Regarding its possible relativ# depth there is no certain clue ; but- there is nothing tq^suggest 
its having been great in the Sitariva region, older rocks being seen at many places to east 
and west. There were some symptoms that the boring at Sukakheri was approaching a 
bottom of this kind ; the last samples of clay brought up were much charged with granules 
of iron oxide as if from a lateritic layer which is frequently found coating the trap* 

The discoveiy of the great depth of the surface-deposits at Sukakheri is, no doubt, a 
check to our hopes of finding the coal-measures within easy reach in this neighbourhood, and 
may therefore divert the press of exploration to other points ; but, of course, the question of 
the existence or not of the <^al-bearing rocks in this position is quite untouched. The argu- 
ment on this point stands just as at the beginning ; and unless before long coal is fouud 
under more favorable conditions dsewhen^ in this Satpura region, I would certainly recom- 
mend the prosecution of the seaieh hero. The actual position might be shifted to Ghtgarola, 
a village a mile and a half south of Sukakheri. I wont clear to the north in first choosing 
a site^ to avoid coarse gravels in the covering deposits near the hills, and to get well beyond 
a known region of disturbance in the coal rocks, sliould tliey be found. 

The other class of exploration is directed to find the coal-measures within the known 
^ lock basin. On the south side of the basin the outcrop of the 
**** measures is nearly continuous from east to west. The hope of 

finding them on the north side is based upon the single outcrop 
on the Sitariva, and upon the fact that very generally they are closely associate with the 
Talchirs, and these are found at several pl^es along the north boundary. The reasonable 
conjea||^ is, that the coal may be more or less oontinuouB throughout the whole basin, « 
beneath the covering Mahadeva rooks. For a short distance west of the Sitariva the Talchir 
rocks, and even the coal-measures, are traceable; their manner of disappearance in this direa- 
, tion is not seen ; the nearest section is very obscure and gceatly affected by trap dikes. 

In the first complete section exposed, in the Dudhi and east of it, younger rocks occupy 
the whole ground'^up to the boundary with the metamorphids. When next the lower mem- 
bers of the series come to the surface along the boundary, the Talchir group alone is found, 
overlaid by younger rocks than the coal-measures/the latter being completely cut put, or 
* overlapped.* 
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fii exploraUcms of tidx nature it is oommoiriy the ease that some approximation can be 
ma^ toward computing the depth at which the objeot should be attained. The simple 
general rule is from the proposed point of experiment to follow the descending section 
Erectly iaerotfs the strata to the outcrop of the bed sought for; and then, from the surface 
distant and the mean dip of th^ocks^ to calculate the depth from the surface at the required 
point. , Were this rule to hold good in the present case, the coal would be hopelessly out of 
teach where we are now seeking for it. Thronghont this whole central area of the rock 
basin, the strata have a very constant northerly slope to within a short distance of the north 
boundary, where, according to the above rule, the depth to the measures would be enormous. 
The rule, however^ works upon the assumption that the beds continue to the deep as they 
appear at the sur&ce ; and it is quite certain that this is not the case with the rocks we have 
to deal with here. They are for the most part massive, irregular sandstones ; and it is 
demonstrated that not only individual beds, but whole groups of beds, die out to the deep and 
are overlapped before reaching the north side of the basin. There is no law known, or in 
the nature of the case possible, for such a mode of extinction and succession of stratified 
deposits. Their distribution depends upon the local physical conditions at the time of their 
formation, the only evidence for which conditions is to be found in the deposits themselves. 
Thus, there ca]\be no reason assigned why the coal-measures themselves should not also die 
ont to the north, they being composed of thick sandstones not unlike those above tlfem. 
The hope that such is "not the case rests upon tho features along the north boundary, as 

already noticed. • 

« 

The facts bearing upon this class of explox^tions have also been given and discussed in 
tome detail iu my last report on this ground ; but from the foregoing brief remarks it can 
be seen that t\iese trials, tliough under such veiy^ different conditions, are of a scarcely less 
precarious nature than are those in the open valley. It may also here be understood that 
any offhand opinion on the point can be of no value, unless in so far as it maybe based upon 
reasons such as those indicated. 

In selecting sites for these borings, I gave, as for the others, a wide berth to the known 
difficulties dose to the general boundary of the field ; such as, firstly, the greater disturbance 
of the strata, often with trappean intrusion ; secondly, th6 coarsely conglomeritic ehai-acter 
of the Mahadevas in this zone, which has proved so obstructive to borings at Mohpani ; and 
thirdly, to give a better chance of getting below the known overlap. To these considerations 
the si^ace features added other inducements. On the east and west of the basin, two wide 
open areas are presented in the valleys of the Dudhi and the Tawa, separated from the 
plains of the Narbada valley a narrow belt of low hills. If the Satpura coal-basin ever 
fulfils our reasonable hopes as regards coal, it is in these areas that the industry would be 
estahlifihed, and here that it should be started. Whether or no coal should be found some- 
vdiat nearer the surfiice towards the edge of the basin, it would be a duty to ascertain if 
lb Iftj within reach of these central areas where mining must be locate if it is ever to 
axpand ; hut to fulfil this purpose tho borings here should be carried to the full depth at 
whildl there would be any prospect of mining being profitably carried out. Upon this 
^ point toy biowlsdgo and experience scarcely entitle me to an opinion : I should say cc^ectur- 
nJly, that j»uppoaing coal to be present, it would pay better in the long run to work it 
at 150 fathbmx in tiio centre of the field than at 60 fathoms near the margin* 

In O||e^tioii8, preference was given to the Dndhi area, fbr the reason that 

' |>ttW the strongest natural outcrops of the coal both to north and south 

we^ on the east aide of the basin. The borings at KhapS 
li^fjlipetjsaicm 1874. Jfoth start in tbePenwa 

Mahs^etie^ fSries. At the close of the .season, on the 1st June, they had 
th^ A^hs of Sifid and 242 feet. After the stoppage of the guhakhcri boring, work 
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was vesaQied ftt Khflpa and Manegaon on tholSth Janaaty 1875. On the 23rd of April 
work was suspended at the Manegaon boring (at 419 feet), the depth now attained necessf* 
tating the constant attention of the European foreman at one boring. At the close of the 
season (15th May) the hole at Khapa was down to 472 feet. The sections of these borings 
give as yet no hint as to the prospect of finding coal : the tfcks are throughout the same as 
at the snrface, purple and greenish clays, alternating with sandstones, either white or tinted 
by admixture of the coloured clays. In the Kbnpa hole the propprtion of clays to Band- 
stones is 198 to 279, at Manegaon it is 219 to 200. There is nothing discouraging so far. 
1 havS shown elsewhere that the Fachmari sandstone (lower Mahadeya) passes into clay to the 
deep ; and the change to Ihe coal-measures would probably be abrupt. 

On the representation' by the Eailway Department of the importance of a supply of coal 
Tbwb Valle as to the west as possible, the trials in the Tawa y^Iey were 

commenced on the 25th December 1874 at Kesla, and on the 1st 
January 1875 at the Suktawa, under the management of Mr. A. Gardiner, Bc. b. The latter 
is entirely in strata of the Damuda formation, on the horizon of the Bijori beds as described 
in this region, and nine miles south of the Shapur coal-field. The Kesla boring starts in 
the lower beds of the Mahadevas, somewhere in the Fachmari horizon, so far as can at 
present be determined, four miles due north of the Suktawa boring ; . yet, it the structure 
upon which all these trials depend is favorable, if the JBarakar coal-measures rise again 
towards the north edge of the basin, they may be nearer the surface at Kesla, which is only 
three miles from boundary of the metamorphics. When closed for the season (30th April) 
the Kesla hole had reached to 302' 6'*, that at the Suktawa to 241'. Clay greatly preponderates 
in the Kesla boring, a hard sandy rock variegated brown and red. The Suktawa rock also 
maintains the same characters as at the surface, alternations of strong sandstone with slightly 
carbonaceous shales. 1 do not find in them any grounds for a change of opinion regarding 
the original project; the depths as yet attained are no greater than might occur at a shoi-t 
distance from the outcrop. 

There is, however, already the surety from these borings that mining in this central 

region will have to be deeper than has yet been attempted in 
Other trials recommended. » j i • i. i. 

India. For this reason, and to provide against the by no means 

improbable event of failure to reach the coal-measures at all in this position, it is certainly 

advisable to commence trials in other ground. Two projects are open to us j to try for the 

measures close to the north boundary of the basin, in a position analogous to that of the 

outcrop at Mohpani ; and, to commence the exploration of the Shapur coal-field. With this 

view I have selected four sites for trial borings along the north boundary : one oh the road 

into the Dudhi vallej, about seven miles west of Mohpani ; ono on each of the roads to 

Fachmari, close to patches of l^alchir rocks ; and one at Lokartalai. For the southern region 

I have selected a site near the village of Sonada. One or more of these trials can be carried 

on at the same time and under the same management as one of the deeper borings in each of 

the river valleys, say at Khapa and the Suktawa. 

t II.—THB WBSTBBN BZTENSION OF THE SaTFVBA BABIIT. 

The occasional mention of the probable extension of the coal-bearing series beneath the 
trap to the west of the known Satpura basin, and the fresh demand for coal for the new State 
Railway starting northwards from Khandwa, led to the request for an examination of the 
line of ground most likely to throw light on the possibility of finding coal in that ^rection. 
At the end of the season I made a tour to the west of lio|artalai along the direction of the 
north boundary of the basin. There cannot bo said to be any immediate practical result, but 
observatioiu have been made confirmipg and greatly extending the conjecture upon which the 



70 


Seeards of the Geological Surrey of India. 


[voh* vui* 


hope waa based : direct evidence has been found of the underground ooniinuation of this 
important eenea of voekn for some distanoe beyond the limits hitherto known ; and an identifi- 
cation of BCahadeva rocks has been made far to the west on the Narbada near Barwai, which 
opens the quesUon whether some of the so-called cretaceous sandstones abng the valley of 
this river to near the coast njpy not belong to the same niuch older series, and thus, 
be indicators of western coal-fields corresponding with those of the Damuda valley on 
the east* 

No observation has hitherto been made (or at least published) of any appearance to the west 
of Iiokartalai of rocks closely connected with the coal-bearing series. At page 43 of my last report 
(1872) on the Satpura basin (Mem. Geol. Snr., Vol. X) a brief notice is given of the western 
part of tlxe northern boundary of the basin. The following i-emarks are in continuation of 
those there given. It was said that east of Sali the motamorphics are in force along the 
boundary. This was hazarded on the strength of a small outcrop at Sali, and of their forming 
the principal part of the range twelve miles to the east on the high road north of Kesla. I 
find, however, that intermediately there is an important section in which the Mahadevas are 
^ continuous to the plains. It is south of Zumdui in the Narbada 

valley, and north of Lalpdni in the Tdwa valley. Along the base 
of the hills north-west of Kesla and Tako the Bdgra limestone is in force, with a dip of 30** 
to north-north-west. The overlying sandstone and conglomerate with a low dip in the same 
direction form the scarp above. From the large and numerous blocks of trap at the foot of 
the waterfall there is probably an outlying cap of this rook on the hill. The crest of tho 
pass north of Lalpdni is on the southern ridge of the range, on the run 4he high dip, 30*^ to 
north-north-w^terly, in conglomeritic sandstone overlying limestone. There is probably 
some slip or sudden twist along tho north of this ridge, for on the sloping high ground in 
that direction the strong limestone is again in force, with a low north-north-westerly dip. 
On the rise to the outer crest of the pass the overlying sandstone and conglomerates come in 
again. These breccia-conglomerates are splendidly exposed in tho steep gorge to east of the 
road. In a spur near the mouth of this gorge there is a small Mahadeo rock-temple in tho 
conglomeritic sandstone, having a dip of 3^ to north-north-west. A little below this the dip 
rises rapidly to 40^ in hardened sandstone distinctly overlying the conglomerates ; there is 
then a band of crushed rook and a trap dike, bat within about eighty yards apparently tho 
same sandstones are again 30^ to north-north-west, rapidly falling to 5”. The l^ds that 
come in here are peculiar : a whitish sandstqpe (which has been a good deal quarried), with 
partings of white shale and a layer of pyritous coaly shale. The character of these beds and 
their stratigraphical position at the top of a long ascending section of the Bagra group 
make it highly probable that they belong to tho Jabalpur horizon, tho nearest known 
poeirion of which is capping Chfitar hill sixty miles to eastward. When last seen in tho 
istream under Jalpa the beds are quite fiat, and end abruptly, with some crushing, trap being 
the next rock seen. This is, perhaps, the most important section we have of the north 
bounda^f as it marks so clearly the upheaval of the Satpura area, or tho depression 
of the Narbada valley, along it. It illustrates and explains some of the sections to the east, 
espeoialijr on the Anjan (op. rit, p« 37)« 


Abcmt lriat '^niks east of Iiokartalai there is a fine section of the boundary under the 

TTiiiUmni rnftten Budi©ai ridge. South of Batki tho B4gra limestone 

/ appeari^ in force in the low ground at the base of the scarp, dip- 
p^,at under the top of the vall^. Along the strike to thesonth- 

to^ outer^^^O. limestone disappears, but there is a much fuller section of this 

Iringi^ ^16^0 of rocto ^>1Ctoy form quite ii inking range outside the scarp, separated from 
;i|t hyi chi& of ^i^Hudinal valleys excavated along the broken unidiual fiexure. 
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between t^te nearly liorissonial beds of the scarp, and the same beds tilting down under tlie 
plains.* Before these bods disappear the dip flattens very mneh^ or oven slightly turns np 
to the north, while near the axis of the flexure it is nearly vertical. 1 did not here detect 
any characteristic Jabalpur rock, but unless faulting interferes with the sequence they 
ought to be represented. The fine Dandiwara sandstone, ^so much prized on the Great 
Indian Peninsula Bailway, comes from the top beds of these inclined strata. Structurally 
this section coiTesponds with that of Zun^i, only the flexure is more marked. It is 
important to remark that in both cases the sandstones reach well to the front of the run 
of the nearest metainorphic rock. The strike of the latter into the anticlinal axis rather 
suggests that they acted as a fulcrum upon which the overlying strata were bent and broken. 


No special disturbance was noticed in the trap on the Moran. In passing to the west- 


The western Inliero. 


south-west on the strike of the little rib of metamoiphic lime- 
stone soutli of Lokartalai, at about a mile distance, there is a 


low ridge. A clear section of it is seen in the stream, showing it to be formed of trap, 
with a central band of gray and reddish clay, all having a dip of 60^ to south-soutli-east. 
In the next stream there is a still better section of this continuous little ridge, just under 
S&lei village. The clay band here is calcareous, and is locally full of Phyaa Primepiif 
the common fossil of the intertrappean foimation. The dip is the same ks before. The 


ridge passes just to south of the village, and immediately north of it there is a strong 
outcrop of hard conglomeritic sandstone, about 30 yards wide, the dip being 60** to 70** 
to south-south-east. The trap occurs again immediately norih of it. This rib lasts fsr about 


a mile, the intertrappean band being traceable much further. In the Ganj41 at IJskali, 


and exactly on the same strike, there is a stronger outcrop of the same sandstone. It has 
been extensively quarried in the little hill east of the village. The dip here is 45® to south 


south-east, and in front of it the trap is well seen, although the beds are massive, to have 


the same dip, gradually lowering to 5® at half a mile up stream. The intertrappean band 
is absent in this section. Immediately below the sandstone there is a small obscure section 


of trap. Two miles further, on the same exact strike, at Kupasi and Jinwdni, the rib of sand- 
stone appears again, still at 60® to south-south-east, and just under it at Kupasi there is a 
small crop of metamorphio limestone. This is the last appearance of the sandstone, at 
eleven miles from Lokartalai. The stmctnral feature, however, is well marked for a much 


greater distance, and exactly on the same strike: south of Padarmati there is an outcrop 
of intortrappeans st.ill at 50® to soutb-south'east ; in the streams at Kathm&khera and 
iSinganpur, and better still in t)^e Mfichak above Magardha, the zone of high dip in 
the trap is well seen. Beyond this it seems to die out, being scarcely noticeable in the 
Si&ni below Makrai. Magardha is twenty-flve miles from Lokartalai. 


The feature just^escribed is a very remarkable one. The sandstone of these inliers 
would seem to belong to the BSgra rocks ; it is quite like the rock 
Inteipretation of them. metamorphios all along the boundary. It is the 

structural feature that exhibits such a change. Even this might have been anticipated in 
kind : the steady south-westerly dip oi the sandstones on the Moran indicates a depression 
of the formations in that direction ; but it was not there detected that the trap participated 
in that disturbance. This fact comes out very forcibly from these western sections; and 


they give one, too, an idea of the magnitude of the event. Pdr a thickness of quite 1,0CX) 
feet the trap atfects the same steep dip as the sandstones, which must, one would think, 
carry the latter to at least that depth in the ground to the south. This, of course, would 
put the chance of coal indefinitely out of reach in this immediate region ; the horizontal 
extent of the feature being quite in propenrtion to ihe vertical magnitude. The geological 


reading of it is very puzzling, especially when it has to be taken firom such scattered 
observations as can be made during *a single march across the ground. 1 con only state 
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|be|mzzk an it atanda. TLe extraordinary straightness of the feature compels one to 
consider it as ,po»stfaly connected with faulting. In this connection especially these western 
outcrops must he talien as solidary with the rest of the boundary to the east; for the 
disappearance of the sandstones on Uie Budinuu and Zum&ni sections is exactly on the 
some line*^ The great contrast, however, in the features of the cross-sections to east and 
west makes it especially difficult to connect both with one and the same master-dislocation. 

Apart from the tact of remarkable continuity and straightness, the primdfade sugges- 
Whether fsnltod faulting is the same in the east as in the west of the line. 

** The abrupt terminaiion, with especial crushing, of the flat sand- 
stones at the north end of the Zum&ni section, with trap at a lower level close-by in front, 
is strongly suggestive of faulting with northern downthrow ; the only other explanation 
l>eing the pre-trappean origin of the edge of sandstone. Similar close vertical juxtaposition 
of formations occurs to the west : trap is found close to the north of the sandstone outcrops, 
and at a lower level, at S&lei and Uskali, suggesting the same northern downthrow, or else 
pretappean exposure. The rook itself of the western outcrop does not suggest any difference 
of throw east and west Nor is there any excuse for placing the fault (if tixere is one) 
between the sandstoxie and the metamorphic limestone at Kup&si : the sandstone seems to be 
of the same horizon as that occurring at the same level east of the Moran,— a breccia con- 
glomerate, such as is found in natural contact with the metambrphics all along the boundary ; 
and at the Moran this ridge of supporting rook strikes into the axis of the Budimai flexure, 
well to,, the south of the supposed fault-line. Thus from this more direct portion of the 
evidence, one must, I think, conclude that if there -is a fault it is post-trappean, and has a 
southern upthiow throughout. The collateral evidence, with reference to faulting, presents, . 
on the contrary, a great difierence between the eastern and the western areas. The proof 
of a great post-trappean southern depression by flexure at the -edge of the straligraphical 
basin to the west of the Moran is now beyond question. This, though perhaps not incom- 
patible with a southern upthrow by faulting along the north boundary of the same area, 
certainly does not seem to agree with that supposition. The evidence of elevation, by 
flexure along the same line of disturbance, of the area to the east of the Moran seems 
equally clear, and this would remove the necessily for upthrow by faulting along the northern 
boundary, though not incompatible with the co-operation of such a featuse. The certainty 
of the post-trappean age of the western depression might afford presumption that the 
Novation to the east was of the same age, opposite effects in adjoining areas being rather 
the role than otherwiito in crust movements ; bat I shall presently in this paper call attention 
to the bvidence of extensive disturbance and denudation *of the Mahadeva and underlying 
series prior to the outflow of the trap. The ffict, af I said, is a very important one ; and 
if it M estoblislied at one point on a [geological horizon, it must ^ taken some account 
of throughout. 

III.— POBSXBbS OOAn-VlBLPS ON THE LoWEB NABklBl. 

Pinding myself at Mhaudwa, after a vain attempt to discover any further sign of the 
infra-trappeon formations along the Satpuras, I devoted a few 
days to visiting Barwai, 'where so many different rook-series are 
vepresented ^thin a small area. A combination of favorable circumstances, due to the works 
of the Holfan^ S^te Bailway now in progress, put it in my way to add another to the 
fist of of this ground. ^ 

flesct^pUbh of the wastem Narbada reg^n was published in 1869 
'i : Qeolbfi^oal Survey, Vol. VI, pt 3), the oiig^nal oohiceptioa 

: ; "h. ^ ihe Jitahaileva fomation-^that it was quite nneonformabte to, 

iite rocbi of the Hamnda ebries, and' superior even U> the 
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Bajmahals— had not been rectified. Mr. Blanford aooordingly, in eorrelating the groups ol the 
lower ^th those of the upper Narbada vallej (which he had not seen),. affiliated the Lameta, 
and with it the Mahadeva beds of the latter, to the cretaceous horizon of the former area* 
This view has been so far upheld as regards the Lameta group ; but in November 1873 
(Records, Geological Survey, Yol' V, p. 115), the correction ^s pointed out as regards the 
Mahadevaa. In making so imporfiuit a change it might have been thought better to adopt 
a new name, but if that were done the correction would not have been so apparent — the old 
name would have held on in its false connection. Besides, the correction was made in the 
typical area : the Paohmari (Mahadeva) sandstone is now known to ]k>ld a middle horizon 
in a continuously superposed series, of which the Jabalpur (Rajmahal) group is the upper- 
most, and the Talchirs the lowest member. The original Mahadeva ground contains four 
well marked groups (Jabalpur, Bagra, Denwa, Pachmari) forming the present Mahadeva 
series. 

The correction just quoted led, of coarse, to the view that there were no Mahadevas in 

True Mahadevas at Banrai the* lower Narbada area ; that all the infra-trappean strata there 
either belonged to, or were closely connected with, the much 
younger cretaceous group of Bdgh. The observation I have now to bring to notice is that 
there are true Mahadevas at Barwai, unconformable to the cretaceous beds* of that place. 
The proof of this discovery is due to Mr. Moore, one of the engineers at the railway viaduct 
on the Narbada. Mr. Moore has charge of the great quarries opened at Gatta, on the 
upland east of Barwai, on the banks of the Choral, and to which a temporary railway is 
laid from the viaduct. In the bottom of a small valley, about a quarter of a mile north 
^of his bungalow, Mr. Moore discovered a number ci fossil oyster shells in a ^hallow water- 
course. The ground being quite flat there was no section ; so at my request Mr. Moore had 
a shallow pit sunk, and has sent me the following description • 

“ r 6'^ entirely of oyster shells. ^ , 

'O'* Thin bed of conglomerate with fossils imbedded. * 

3* 3" Bed of soft white sandstone; first foot excavated with a pick; the rest 
harder and distinctly stratified with perfectly level beds. 

4' 6" Thick bed (bottom , not reached) of water-worn pebbles and small boulders 
imbedded in stiff yellowish-brown clay or loam.'* 

From this spot, by sinking shallow pits, Mr. Moore traced the fossil-bed (without 
getting to the end of it) to within 400 feet of the scarped upland, about 80 feet high, 
formed of the massive sandstone iu which quarries are opened over a very large asea* 
It is a hard white rook with red streaks and mottling. Pebbles (chiefly of Yindhyan 
quartzite) are scatterod^through it locally so as to form a conglomerate ; but even in the 
clearest sections in the quarries no regular bedding is visible, the strings of pebbles, however, 
indicating that the mass is undisturbed. Well marked joint-planes traverse it in varwus 
directions. It is a thoroughly consolidated rook, though portions of it are much harder 
than others through infiltration of silica from the once superincumbent trap. No earthy 
layer is found in it ; and along the Choral it is seen resting directly on the nearly vertical 
Byawar fimestone and breedas. 

One could scarcely desire a more distinct case of a wide geological break than ia pre« 
seated in this ^section : the petrographical contrast is evident enough from the foregoing 
description, suggesting in the strongest manner the necessarj^ distinction of the fiNnsudions. 
The case for unconformity may not be oonsidered ocmdiisive: a small fault between 
the oyster bed and the scarp to 'east of it^would account iar the actual rel^rive positioiui; 
a ooncesled sharp curye in the bedding would have the same effect; or even it might 
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be ftn original great bank of sand with the mnddy oyster bed alongside of it. Nothing 
abort of an 'artifioial cut across the rooks could finally dispose of all these objectione ; but 
certainly ^ first and most probable explanation is that of original denudation^tunoonformity. 
The ineompatibiHtybf the even approximate contempoian^ty of sack rocks as these now 
are, Indefinitely increases this probability. 

i 

The oystor bed and its associates are characteristic representatiyes of tbe Bagb beds 
of this region. All the petrogi*apbieal characters of the Oatta rock point to its being a re* 
presentative of some member of the Mahadeva series of Central India. 1 failed, owing to the 
Huli festival, to get If the latger area of similar rocks about K&tkot. 1 suspect the great 
quai^ies opened there for the works on the ghfit are in the same rock as at Gatta. 

The observation 1 have just explained has a very direct hearing upon the object of my 
infero&oe as to coal. westward — the possible extension of the coal-fields. It has 

not been sufficiently noted that the resemblance of the massive 
sandstones of the lower Narbada valley, especially in the Deva valley close to the alluvial 
plains of Broacb, as repeatedly o^rved by Mr. Blanford, Is a permanent character, and 
would hold true whatever geological rearrangement the original Mahadeva group might 
undergo; also, that the connecting of those rocks with the overlying cretaceous beds is 
given with gr^t doubt by Mr. Blanford, more because he had not detected any break be- 
tween them, than from any dependence upon their apparent confonnability. This missing 
^ link of evidence has now been found, and Mr. Blanford's original conjecture confirmed. It 
is cettain that at least some of the rooks in the Western Narbada area provisionally placed 
with the cretaceous formation are not only lithologically like the Mahadevas, but are strati- 
graphically rekted to the cretaceous beds just as the Mahadevas of the eastern area are to 
theLametas. There is scarcely much risk in supposing that^the sandstones of the Deva 
valley are the same as the Gatta rook ; and if 80 » the position of the Mahadevas as now 
understood would give a new significance to the fact, suggesting very directly the possible 
or even '^pvohable occurrence of the coal-measures. It is not for a moment supposed that 
there are outcrops of the Damudas in the Deva valley ; and no probable guess can be 
made as to the depth at which they are likely to lie ; 2,000 is as likely as 500 feet, 

^ The prospect would include the neighbourhood of Burwai. No doubt the rock at Gatta 
rests immediately on metamorpbics ; but there are like overlaps of the Mahadevas in their 
typical area. The K&tkot outlier is also very likely to be shallow. I saw, however, at the 
viaduct a quantity of cut stone of the same description from a place near Akhund, to the 
south-fast. It is possible this may be the lip of the basin fi*om which Gatta is an overlap, 
and that coal may be within reach. Of its great value in such a position I need not remark. 
1 had sent my camp by forced matches to Bankeri railway station, and had no means of 
going about, having already overtaxed the hospitality of the local offiCSers. 

A general consideration of the case does not discourage these suggestions. The great 
S^ura basin almost certainly had its outlet to the west. Its uppermost strata spread out 
to east over the gneiss’ at the watershed of the peninsula. It is not unreasonable to 
sup^NC^ thnt to the west m to the east of India an expansion of the lower coal-bearing 
grdupi hotilc place towards the sea-board, and that Ihe Bengal fi^ds may have undergroimd 
equivalents in tiie region of the lower Narbada. 

; . v; IV,— Th* iHAaTOE COAli-FIBtD. 

In to find coal, and in suffidient quantity, on the north side of the 

f:' ' nykio]i. ’ ^ ■ Satpum hasjn, the alternative will be to take up the most acoessi- 
- ^ ¥ * .ji; . , : the mthern outcrop of the measures. In antl- 

a survey po^n of the ground where 
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such tri%b should be oommenoed. Throughout the whide length of the basin froiti 
east to west, the Barakars are exposed in a more or less continuous outcrop. On the 
east, where unfortunately the coal is in much greater force, the position is^ quite out 
of reach of present demand in an upland Talley of the Penoh river, which is a tributary 
of the Wein Gunga^ which, as the Frenhita, is an affluent o^the Godavery. The head waters 
of the Tawa adjoin those of the Pench ; but they fall rapidly to a much lower level, flowing at 
first in deep gorges, which soon open out into broad undulating plains. This broad valley 
of the Tawa, though coptaining some large patches of flat alluvial land, is for the most 
part barren, rocky, and uneven. The high road between Hosungabaf and Betul crossing it 
from north to south is decidedly a rough one. 

The annexed^ map represents a portion, about twenty miles long, on the southern and 
western borders of this valley. It is taken from sheets 6, 7^ 
and 13 of the Topographical Survey. The topography is very 
far from being as accurate as is required for close geological work, hut for present purposes 
it will suffice in the hands of any one in the least fitted to look after coal. The boundaries 
of the coal-measures are about as close as the transitional character of the formations admits 
of. The other geological features are accurate so far as given, but a good deal remains to 
be done in the way of following out trap dikes, quartz reefs, and like details. 

The first thing to he done is to indicate what rocks constitute the coal-measures, or itt 

Oen«ia.iuMet«n<>fn(mp.. * <^6 Bwakar group. Coal and oarbopaceoua 

shale are seen to be confined to aspecialUne of country; butitsoon 
becomes apparent that the rocks containing them are not constantly separated from the ad- 
joining rooks by any sharply defined features, that in fact, the measures only form a zoue» 
horizon, or group, in a closely connected stratigraphical series. The demarcation of fixed 
boundaries thus becomes a matter of much difficulty, and ^ust be accepted subject to oor-> 
rection. In the absence, or very rare occurrence, of fossils, the problem has to he worked 
out conditionally from lithological and stratigraphical data. 

The whole rock-series is composed exclusively of sandstone and clays, the former greatly 
preponderating, except at the base. The character of the bedding throughout is massivei 
and, as is then generally the case, irregular. It is*only in the most general way that eithef 
rock can be said to prevail in any particular zone. There are, however, some types of com- 
position and. of texture more or less characteristic of different portions of the series, and it 
is upon these that the discrimination of the several groups in a great measure depends. 
Throughout a great thickness of strata at the base the sandstones are very fine-grained and 
of a pale greenish-yellow tint ; the days are hard, splintery, and silicious ; both often endose 
large erratic blocks usd other ddbris, forming coarse conglomerate, genei'aliy with a large 
preponderance of matrix. These beds form the Talchir group. Above this comes the coal- 
bearing zone, the Barakars ; in which the sandstone is generally white, somewhat coarse and 
gritty; the days being shaly and carbonaceous. The sandstone of the next overlying 
hand of the Motur horizon is softer than that of the coal-measures, more earthy and of 
mixed composition, and having corresponding gray, brown, and greenish tints; the days are* 
lumpy, sandy, and ochrey. The distribution and the relations of these groups will appear 
from t^e description of the local sections. 

The difficulty of demarcating the several formations is much increased by the ffisturb- 
^ V that have affected the whole series, produdng intricacies 

^ m the poundanes very troumesome; to make out where the pri- 

mary characters of the groups are so undecided. The dips axe not <^u high, hut they vary t 
much; and faults are' numerous, some having a great throw* There are also many trap 
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She mUiMii boandAiy. 


.dikei^ and quarts yaina or leefa. Thego are aeldom oonneeted with actual dislocatk^ of the 
atrata^ but they ofteo cUsguise the xuinerai ohamctera of the rock, and thoa ol^trbot the 
Sdentifioatien of iiK>1ated outcrops. 

^flie south boundaiy of the area under notice is the base of the sedimentaiy series, — ^the 
jundfon of the Talchir group with the gneissic and schistose rocks 
forming the highland of Betul. For the most part the contact 
ooeurs in the low ground along the base of the hills of crystalline rooks. It forms an exceed- 
ingly iodenied outline, being in fact the intersection of two very |nregular surfaces — the 
present ground surface with that of the original floor of deposition of the Talohirs. The 
actual contact is frequently exposed ; nowhere better than in the Phopds (at the south-east 
epmer of the map) : the gneissose schists are denuded in the bed of the river, and for several 
score yards along the left bank the Talobir boulder clay is seen resting flatly on a rough, sharply 
weathered, ancient surface. At some points this boundary seems to be a faulted one, as in the 
section of the Amdhana streapi at the south base of theBhaorgarh ridge; the contact here is 
very steep and crashed, and is moreover on the ran of the Machna, north-east to south-west^ 
fault. In the west, at the head of the Bhoura and Sdki valleys, the Talchirs rise to a consi- 
derable hMght, forming the upland about Kota, between the Bhaorgarh crystalline ridge on 
the south and {Le basalt-capped ridges on the north. The formation is splendidly exposed in 
the scarps of this small platc^tu, west of Mura village. The exact position of the south bound- 
aiy has only been fixed at a few points of our area; the intermediate portions being left un- 
coloured in the present map. 

The northern limit of the area to be described is an arbitrary line in the great sandstone 
deposit overlying the coal-measures. These beds belong to that 
Northern Unit of map. ijotiddle portion of the Damnda series of the Satpura basin indi- 
cated in my former paper as the Motur horizon, in which carbonaceous matter seems to be 
altogether wanting (but reappearing in the overlying beds of the B^ori horizon). The clays 
of the Motur group are often slightly ferruginous. 

The Motur^Barakar boundary-line is, on the whole, well defined. At several distant 
places, as Dolari and Koemeri on the Tawa and below Sonada on 
Motor-Banksr boundary. Bhoura stream, the contrast is very well marked between the 

hard white sandstones of the coal-measures and the softer earthy tinted rocks above* On the 
Tawa below its confluence with the Maohna the distinction is not so marked. Some other 
parts of the boundaiy are only approximately accurate on account of the covered condition 
of the ground. 

The base of the Barakar group is very vaguely definable as a stmct geological horizon. 

The characters of the two deposits are not only blended vertically 
by interstratificaiaon, but it would appear as if this also occurred 
bpjdzontally'— beds of deoi^d Barakar type in one place being represented by as decided 
rock elsewhere. Thus it may be that the line given is not truly equivalent in difler- 
ent par^ of the field. This featnxe will be indicated in the desoriptionB of the difihrent 
seetioiQS. 

The phymcal features suggest the division of Ike area into fobr portions : on the east a 
great faull qolto detaches ike polfiri outcrops from those lower 


Nahkar-Talcbir boundary. 


, l^jr sereai^ 'fses^ 


doirn the Tawa; the great JlEaikim fault cuts off this second area 


travessed Mki, and this again is separated from the Sonada outcrop^ in 

a steep ridge kriurated sandstone along a vein of quartz 
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, Tbb DoAabi abba. 

In the Tawa under Dol&ri village there ir the fullest section of characteristically 
Barakar rocks wi^n this whole district. The steep narrow 
llotorbeds. Lodadeo-Batamdeo ridge has a back-bone of vein quartz, and 

the sandstone is disguised beyond recognition. In the«^niall stream close under the 
north base of the ridge, thick, soft sandstone and red and green clay have a northerly 
dip of 20”. It would seem, therefore, that the main part of the ridge must be formed of 
these Motnr rocks. In the Tawa, to the north, these same rocks have a low south-westerly 
dipt Below the KaridNtream, the dip is 3” to south on both banks of river for half a mile, 
and then turns up sharply to a south-easterly dip of 20”, lowering to 10” near the quartz 
vein which crosses the river obliquely to eaBt-30”-south in the direction of Lodadeo. The 
same rocks, with a more easterly dip, appear below the quartz reef up to the trap dike which 
crosses the river to 80uth-35”-we8t, immediately under the eastern village of Dol&ri. The 
dike does not disturb the strata, the same strong bed of mixed earthy sandstone appearing 
on its west side, where it rests directly on a bed of coal. 


The change of formations is thus litholo^cally as abrupt at this spot as it could he ; but 
the parallelism of stratification is unbroken. The coal is only seen 
CoiU-meaBurea . upper beds. under the sandstone, the rest of the outcrop befbg covered up ; 

but there is room for a large seam. From beneath it there rises a strong bed of white fels* 
pathic sandstone. Immediately under this again coal is seen for a pmall thickness, the rest 
of the outcrop, full twenty yards wide, being concealed. Below this, for 130 yards, there is 
white sandstone; then again coal. The covered outcrop of this seam is 40 yards wide, in 
which some layers of dark shale can be traced under water, but there is room JPor much coal 
in the unseen portions. There is then 60 yards of sandstones, and below it 20 yards of 
covered outcrop with coal at top. This fourth seam is also underlaid by strong white sand- 
stone. These 360 yards of section, with an average easterly dip of 12”, represent about 200 
feet of strata, containing what may he four strong seams of coal. 1 saw nothing to suggest 
that any of the outcrops are due to repetitioq^y faulting. 


There is a marked change in the character of the underlying measures. The thick 
Middle beds rough white sandstones are replaced by sharply defined hard ^ 

fiuggy beds, very fine in texture and of dull greenish-yellow 
shades, more the Talohir than the Barakar type of rock ; but the alternating shales are 
copiously carbonaoeous,. and with some strings and thin beds of bright coaL There is more 
disturbance in these beds, the dip being sometimeB as high as 30”, but in the same ctftstorly 
directiou. The thickness is about 100 to 160 feet. 


Below these thin measures there is still a descending section tor over half a* mile to 
where a run of quartz crosses the river from north to south. 
The only rocks seen in this reach are thick sandstones, in com- 
porition and teztuigp mostly of the Barakar type, though some would pass as Talchir, 
especially the lowest bed acyoining the quartz vein. The intervening earthy beds are com- 
pletely covered ; I conjecture that they are of Talohir type, not carbonaoeous. I have, 
however, coloured the whole as Barakar^ net to complicate this saiall area with boundaries 
of doul^ul nature and position, as undoubted coal-measures coour a^n close by. The 
tihfckucefl of these lower bKLs may be 600 to 700 feet. 


The quartz van just mentioned oecura on a brdsoi antkliiial axis ; the silica simply 
fiHitig the' many cracks in the fraotiured suidstone, some central 
3P1 m|i48 I ssetioa and. hemg much stronger than rest. The revense dip is seen 

. in the indurated rook totmmg tiie te^, below whirii there is a 
blank of some 300 yards to where sandstone appears in force in the left bank at the eon- 
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flaenoe with the Hiop&B. It is a typical Barakar sandstone, and dips south-westerly at 16^. 
This rock forms tiie left bank of the Tawa for a quarter of a mile. It beoomes* much 
crushed and siUcified, and is finally out out by a run of broken Talchir rock agglomerated 
by silica, ,, Up the Phop&s, there is an ascending section for some 200 yards, the upper beds 
having somewhat ike aspect of Motor sandstone ; and they abut at a moderate angle 
directly, lagainst the same orusned mass of Talchira. There is clearly here a fault of 
yery considerable throw. The ridge of crushed and indurated Talchir rook is shout 40 yards 
wide ; and immediately on its south-west side the boulder-clay is quite undisturbed. 


In the small stream running parallel to the Phopfis under the lEodadeo ridge, and at 
100 yards from the Tawa, there is a two-feet seam of bright coal, 
^ covered by strong sandstone and resting on thick carbonaceous 

shale. The dip is 23° to west-south-west. For more than a mile in a direct line typical 
Barakar rooks are esposed at intervals up this stream ; the dip is very variable in amount 
and direction. The last outcrop, at weat-6°-north from Lodadeo, is a white sandstone, dip- 
ping north-easterly at 16° ; Talchir clay occurring close behind it at the same level. The' 
fault here is unaccompanied by any crashing or vein rock. 


The DoUrl fhalt. 


Ihe above kidicate all the outcrops in the Doldri area. The continuation of the measures 
along the south base of Lodadeo has not been followed out. In 
the stream north of Dolfiri, I fully expected to find the repetition 
of the section in the Taws, the ground between being quite flat, with nothing to sug- 
gest a great break in the rocks. At the nearest point, however, just to north of the village, 
lypical Motnr beds ooour/ having a low southerly inclination, and continue so to westwai-ds, 
8[n proceeding down the westerly reach, there is a run of fracture with quartz veining ; 
and the dip increases, through an ascending section of the same sandstones, to within 
300 yards of the Tawa, where it is 30° to south-south-west. The actual rook against 
which these sandstones abut is not exposed in the bmiks of the stream ; but a little below 
its oonfluenco with the Tawa, there is a goofiseotion of one of the reefs of broken rock 
cemented by quartz infiltration, so frequent in fnis region. I believe the rock it includes 
to be Talchir; but owing to the small scale of the map, I have not complicated it by 
g^attempiing to represent these small and obscure outcrops. Talchir clay is seen at several 
points with a low northerly dip on both banks throughout the Baspur reach of the Tawa. 
There can be no doubt of the presence of a great east-west fault, having a northern down* 
throw of several hundred feet, bounding the Bolfiri coal-field on the north. Two miles east 
of Dol&ri, at the angle the stream south-east of Siwanpfit, there is an outcrop of broken 
and silicified rock on the exact run of the Dolfiri &ult. The whole country here north of 
the Tawa is deeply covered by soil. 


fiite for a boring. 


A boring in the gully between the two villages of Doldri 
ought to cut fdl the coal within 260 feet from the surface. 


Thb Machna A&ea. 


The Ddfoi fault is w^ seen in the Tawa at the bend below Baspur. A mass of crushed 
_ - , . Talchir rooks induxated by silioions initiation projects into the 

’ nver from the west. Close under it cm the left bank, massive* 
^ dippi^ at a moderate angle from the fault; but within a 
low son^erfy InclinSrion. prhich lasts throughout this north- 
the^ri a pahr of strong trap dikes ontriiig very obliquely 

under Gohd. The sandstones throughout 
this l(|»^ faie unless repeated by faulting (of which there is no 

w ' ' ' ^ 
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appeavance) they represent a thickness of 700 to 800 feet The outcrop is very Utile iu- 
terruptedf, but no coal is^ seen ; and such earthy beds as are exposed are only slightly oar- 
boiiaceous> yet nearly the whole group must be here exposed* 


The two great trap dikes south of Golai about correspoQ^ with an anticlinal flexure. 

The SUeptl reioh. mouth of the Gonapur sti^am they are beautifully exposed, 

cutting sharply through a strong bed of fine pale greenish-yellow 
sandstone of decided Talohir character. It contaans, however, small strings of biiglit 
cool ; and the gray sandy clay under it, as seen up stream in the Tawa, is slightly car- 
bonaceous. The low xfbrtherly dip of the sandstone is not in the least disturbed by the 
dikes, each about 20 yards wide. The sandstone is continuous down the left bank of the 
Tawa, gradually rising to the west and then to north, where the gray clay rises with 
it. Under this another strong bed of fine sandstone crops up in force, ending at a line 
of broken and crushed ground. As in the Dol&ii area, I have coloured these doubtful 
beds with the Barakar group. Beyond the crush, which may also include a small fault, 
a very typical Talchir rock appears, massive greenish-gray splintery clay with thin 
bands of hard compact limestone ; it is overlaid by thick sandstone like the preceding. All 
have a low northerly inclination^ soon becoming quite flat, and then turning up to the 
north. These beds are very well seen in the stream between Silapti and 4;he Tawa, and 
threads of coaly matter are observable in the sandstone. They end along a marked line of 
fracture crossing the river to west-30°-north ; some Barakar-like sandstone occurring im- 
m^iately to the north of it, and then there is a blank of fifty yards in the section. 


It would be impossible to follow closely the lines of this Silapti inlier to east or west, the 
ground is so flat and covered with clay. In the stream north-east of Gol%i only Barakar 
beds are seen, with some crops of very poor coal. The feature north of the Golai dikes is, 
on the whole, a blunt wedge of lower strata exhibiting two flat synclinal folds with inter- 
vening crush, elevated with Suiting, and throwing o£E the coal-measures to the south and 
north. 


The Temni leoch. 


To the north of the blank in which the^ last section ends, thin-bedded measures come 
in with carbonaceous shales and poor coal, probably representing 
the middle measures of the Doldri area. The dip is at first 
southerly, soon turning over in a flat anticlinal, and the northerly dip laats up to the con- 
fluence with the Machna. The outcrops are nearly continuous throughout, strong sand* 
stones of undecided character \ the few earthy partings being also uncharacteristic, and but 
faintly carbonaceous. The whole are, however, Barakar. A thin seam of coal occurs under 
the great sheet of sandstone on the left bank, at the Temni ford. I saw nothing to suggest 
a concealed outcrop of strong coal. 


So far, in what might be called the main section through this Machna area, there is 
very small appearance of useful coal deposits. It was frcnn out- 
The itodtopnr outeropi. Machna itself under Maidinpur that the large quan- 

tity of coal was tidren which gave such satisfactory results in a trial on the Great Indian 
Peninsula Railway in 1873. From the confluence of the Machna and Tawa a great sheet of 
strong ppTftkny sandstone rises gently to westwards along the bed of the former stream. 
Under Douri a long deep wl has been out by the water through Uus rock into an underlying 
earthy bed, which is quite concealed, the same nmss of sandstone continuing above the 
pool and extending on the left Imnk up to where tilie river bends to the west-south-west. 
For a hundred yards or so near the bend the sandstones on ihe right bank have a conuder- 
able north-westerly dip ; and in the bed of the nver is visible the crack along which, by 
faulting, this abutting staratification takes place: There tnuirt alnobea south-westerly or 
some equivalent' line of fracture at the buck of this upheaved mass of beds,, It is at Ae 


I 
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top of tlib little seetion that the coal seams oeoar, catting veiy obliquely across the - river 
bed* At every available point d the outcrop, along a length of ^some sixty yards, *coaI was 
out on both sides of the river. The holes are now filled in, and little can be seen. There 
am two aeams^ the lower one apparently with a strong parting of shale. There did not 
seem to be in either seam rocSn for more than four to five feet of coal. The dip is fiO**. At a 
short distance up stream the dip changes to north-east, and continues so up the next, north- 
south, xeaoh. 1 could not find that the seams are repeated on the reverse outcrop. 
There is thus here an oblique synclinal flexure, sloping towards the main fault, and the 
eontinnity of the coal at this spot is therefore closely limited. The place seems, on the 
whole, very unpiopitious for mining operations. 


The next north-westerly sweep takes the river for about half a mile across the main 
fault into most typical Talchir rocks, the massive fine clay with 
The Kotm on. hands of dense, nearly black, limestone. Above this there are 

again Barakar beds, showing an east-west flat synclinal, south of which a very massive bed 
of sandstone rises to the next bend of the river. Beneath this rock, along the east-west 
reach, a band of flaggy sandstones and coaly shales is veiy well exposed, and the same are 
traceable for some distance up the gully draining from across the fault to the west. All 
have a moderate northerly dip, and at the head of the island, at the southerly bend of the 
river, they are regularly underlaid by the fine Talchir sandstone. These flaggy measures 
may correspond with those already noticed twice on the Tawa. ^ 

Hitherto we have only seen broken sections between the Barakars and the Talchirs. 

In the Machna the sequence is quite continuous ; and if the 
ThelVlohinontlwMMliiis. conjecture regarding the identity of the flaggy ooal-measures 

here and at Dolfiri be correct, the contrast between the underlying beds in the two 
sections is striking ; at DoUri the Barakar type of sandstone prevails, while in the 
Machna, from below the flaggy coaly beds a mile north of Shapur, we meet only rocks of 
Talchir character. There is another feature in these beds on the Machna difierentfrom 
what is found to the west^the sandstones are iif force down to a low horizon in the series^ 
alternating with the boulder clay and even containing large ei-ratio blocks itself. From 
the Machna the section was followed to the south boundary up the stream flowing near the 
high road. The moderate northerly dip is remarkably steady throughout, and unless there 
are repetitions by faulting the tliiekness wcmld be over 2,0CX) feet. From the top of the 
section there are broad intervals between the successive crops of thick fine sandstone. The 
jc^lays which no doubt occur in these spaces being quite concealed, an important aid was 
missed in fixing a fair boundary for the groups ; the presence of carbonaceous matter was 
thus also not ascertainable. 1 did not hit upon the clay with limestone which is peculiar to 
the Talchirs, though not confined to a particular horizon. The btJufidaiy I have given is 
certainly higher than that taken elsewhere. Locally it is the best marked line in the series, 
and for coaLsearohing purposes the most suitable. 1 bad not time to work the questi^ out 
minutely. 

'The Xadbna fault is quite as well marked as those in the Dolari area, and has nearly as 
great a throw. The upland to the north-west of it is almost 
Tbs Mama f entirely formed of Talchir day, except the hills north-west and 

north of Bhfipar, whfok are mostly S||idstone, perhaps partly Barakar. The Barakars oocu^ 
py the lour the river. The run the fault is very steady ; the bulge appear- 

It on thsT ^ to inooneet plottiug^of the river course. At both points 

udbm tiie M of the stratification, with infikratioo of 
at the whem 1 got a view of ^ actual plane of contact, the fisatmw 

is:vex3r;dia«|^ defi^ fhle ooom ma amdl gully, yithia fifty yards of the river at the 



PABT 3.] 


McMicotl, Skapnr Coal-field. 


81 


north-we8||jei'ly elbow above the Mnrd&npar coal crops. The exact liuo h not traceable in the 
covered ^^und north of Donri, nor can it be fixed on the Tawa. It has probably died out 
in that direction, as all these features are ol^ly connected with the special disturbance of 
the stratification along the margin of the basin. To the south-west the fault is seen at the 
base of the range of gneissic rooks at the mouth of the Auaj^hana gorge. Its continuation 
up the valley has not been followed out. 


For reasons already indicated, I should not advise any outlay upon an attempt to mine 
Site for a boring seams In the detached block of measures south of Murdanpur. 

If there is any continuity in the measures, the seams should be 
found in a favorable position away from the fault-ground. A good site for a boring would 
be on the left bank of the*Tawa, a little belpw the confluence of the Machna. A depth of 
400 feet here would probably prove the whole of the measures. 


Thb Suex abea. 

The east end of this portion of the field, about Bhumkadhana and Kosmeri, is hopelessly 
Kosmeri concealed and obscure. From isolated outcrops and the frequent 

occurrence of vein quartz, it is plain that the strafi^ation is much 
disturbed. On the left bank of the Tawa at Kosmeri thera is typical Barakar sandstone, 
and on the right bank as typical Motor rock. At a few feet from the base of this latter 
group there is all along this portion of the boundary an extensive exhibition of trap rock, 
appcanngkgenerally as a sbeet-dike along the outcrop of a massive bed of rusty clay. * This 
character is well displayed in the Loh&r river, where there is a wide spread of the sandstone 
covering the trap at a low angle, and broken and altered by it. * 


In the Sdki itself there is an unbroken section, including apparently tbe whole Barakar 


The.SCki section. 


group ; and if it is so, the promise of coal is very poor indeed, 
there being no scam of workable thickness or quality. At the 


very mouth of the river the strong white Barakar sandstone is in force ; typical Motur beds 
appearing a little to north of it on the left bank of the Tawa ; all with a steady northerly 
dip. At top of an irregular earthy parting in this band of massive sandstone, there are 
three inches of platy coal. Up stream, in a short west-south-west reach, under the top 
sandstone there is a fiat section of very irregular flaggy sandstone showing already some 
Talchir characters. Above this there is a long north-south reach with no strong crop, but on 
right bank the section is almost continuous ; a low northerly dip in soft sandstone and sandy 
micaceous shale. Two of these beds are carbonaceous, with mere strings of coaly matter. 


the associated sandstone being persistenUy fine, earthy, greenish. From the upper end of 
this reach to the cause^gy at the road-crossing there are continuous crops of strong fine sand- 
stone with a few thick irregular partings of sandy micaceous shale, faintly carbonaceous in 
strings. The flat reach above the road is along the top of a lower band of softer, finer sand- 
stones, below which the Talchir clays come in with scarcely any Issooiated sandstones. In 
this section the characters of the two groups are run together in a very puzzling manner : 
the Talchir-Barakar sandstones are dubbed in force with interspersed carbonaceous matter. 
The boundary adopted is a very marked one, but manifisstly on. a lower horizon than that 
taken on the Machna. If the section on the Machna were to be interpreted by tbe analogy of 
that on the Sdki, the base of the Barakars should be taken wdl to ibe south of Sh&pur. 


The question of coal in this locality turns upon whether the shales observed become 
Dutton p».p.ct .f ooa ooaltothedw^ wh«Ui6r measrkm may not 

here. l)e suppresset by faulting; 1 notieei no direct evidence for the 

latter rap^tiini : there is no doubt much quartc-veSnii^acti^ the boundwy at thia epot, 
but I do not it is connected with^ting; enth ia rarely and bdireotly the eaee wHh 
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the many ruifs of voin-quartz observed throughont Uie diatrici. The conformable succession 
of strata here seems unbroken. There is also little encouragement to adopt the other sup- 
position. I would rather connect the want of coal here with the other peculiarities noidced in 
the original characters of this formation in this position. 

In th^lelb bank of the Tawa, on the strike of the ridge of indurated rocks separating 
tho Bhoura and Sdki streams, there is an excellent section of the 
bottom Motur beds. There are two strong bands of mottled sandy 
days overlaid by thick sandstones. These latter pass np to form tlie crest of the ridge 
along the quartz vein. The extension of the Barakars along the base of this steep ridge is 
quite covered up by ddbris. 

The SohXda akba. 

The point at which the Motur-Barakar boundary crosses the ridge of induration is put 

Tho north boundary inferentially, from the apparent structure, the rocks of the ridge 

being too much disguised for close identification. The position of 
the boundaiy on the Bhoura Nadi is well defined. In the roach to south-east of Bandabir the 
massive greenish-brown and mottled purple clays of the Motur are in force. A lower band of 
the same appears near the bend of the river to east-by-south of Sonada. To the west, along 
the flanks of J^mgarh, these bands, if present, are concealed by talus. But I rather think 
they die out to the rise : the sandstone forming the east flanks of the hill are seen to pass 
down into the low ground to the north; at the high level they are porous and conglomeritic, 
while Ibw down they become earthy and fine grained. « 

The Barakar beds are fairly exposed for several miles along the Bhoura stream, the 
course of which is very oblique to the strike of the formations. 
For this reason and the doubtful accuracy of the map, it is im- 
pqssihle to be certain whether two or more of the outcrops may not belong to the same 
seam, or to assign an approximate thickness for this group. It is certain, however, 
that the coal-measure characters are more pronounced than on the Sdki. The top rock 
is as usual a very strong white sandstone. Under Sonada, near the top of the long west- 
by-north roach of the river, two poor q|;ringB of coal occur in local partings of this rock. 
Above Son&da there is a succession of south-westerly reaches, across the measures, and west- 
north-westerly reaches more or less along the strike. At the northerly elbows between the 
four first pairs of these reaches coal is seen on the left bank under strong sandstone. The 
first two are, I think, the same seam, and also the third and fourth, at a lower horizon. From 
one to two feet of coal is seen in each case ; but there is room for more in the concealed 
part of the outcrop. There are besides several bands of covered ground in these seotions 
that may contain coal. To the west the whole group passes into the base of the J&mgarh 
range, and is obliquely overlapped by the covering trap which passes across it to rest on ihe 
Talohirs west of Teter. The first scarp north of Teter is of coarse Barakar sandstone, 
loo^y altered by the fiverlying basdlt. 

Here again we fin^ an instance of the mutual accommodation that occurs between these 
iThs Tslchim groups : as the Barakar type of sandstone, and with it true 

, fr coal deposits, increases, the Talchir stamp of sandstone decreases. 1 

have slill aeomiderable band of these latter wiriun the coal-measures boundaiy, so as to let 
it correspoiid frith the continuous line in the Sdki area ; taking as top of the Talohirs the first 
Oippearancls iZbessive, fine, silioious clays with thin bands of hard compact limestone 

W this there are still some strong beds of the fine yellowish sand- 

0% yei^ h^lave Talobir day is deeply weathered out in the broken ridge south 

vertically through it. Lower still the boulder 
' in the eastern scarp of .the Kota plateaiu 
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The high road (it only deserves the title from the causeways and culverfis constructed 
across the watercourses) passes through the Suki area, which, as 
Site for borinff. shown, offers the least promise of coal. For any 

really effective roadway from the north, Sonada is much the nearest and most accessible point 
of the coal-measures. There is no serious obstruction to o^^ercome between it and Dhar on 
the present road. For this reason it is here that a first attempt should be made to prove 
the ground for a workable coal, although the apparent prospect of success may bo less pro- 
mising than in the Machna or Doldri area. In choosing an actual site for boring one might 
at first be inclined to avoid the visibl}^ barren ground at tlie top of the measures at the 
bend of the river just aboVe the village. Yet, as none of the outcrops are veiy tempting, 
the object should be to test the whole measures a little to the deep of the outcrop. With 
this in view I should take up a position immediately to the north of Sondda village. When 
there is suoh uncertainty as to the thickness of the measures it is difficult to assign a depth 
for a boring. If 400 feet at Sonada did not clear all the measures, the remainder could be 
tested by another shallow boring half a mile to the south. 


TuiiP. 

The few trap dikes that occur are not likely to prove very ti^oublesome. The only one 
seen in the Sonada area is close to the Talchir boundary. There are none in or near the 
Sdki section. None is seen either in the Machna. A ten-yard dike stops just short 
of its leflb*bank, at the mouth of the little stream south-south- west of Doiiri. It is very 
remarkable for its finely developed prismoidal structure.*- Two small dikes cut across the 
Tawa, just below the mouth of the Machna. A boring here might be jllaccd between 
the two, or below the lower one. Several fine dikes cross the Tawa within this area to 
south. In the Dolari area a strong dike crosses the river immediately above the outcrop 
of the coal seams. 

The general habit of the trap dikes is to coincide approximately with the linos of 
flexure, and therefore with the locitl strike of the strata. The gr(;at dike at Kamti and that 
north of the Tawa at Kosmeri cut across the flirike and parallel to the Machna fault. 
There are some good instances in this field of the tendency of intrusive trap to i*un out in 
sheets at the contact of thick clay bands with strong overlying sandstone. The broad run 
of trap along the north bank of the Tawa in the Kosmeri reach is a good case of this, as 
already mentioned. There is also a very good oxaraplo of it in the Talchirs on thoPlyjpas: 
a band of hard sandstone is seen broken or tossed about upon an underflow of trap. I 
am disposed to think that the cotemporaneous trap said to occur in the Talchirs elsewhere 
is only an exhibition of ihis phenomenon. 

I have seen nothing to disturb the opinion I have already expressed that all the trap in 
these formations, is of the age of the Deccan rock. There is exc^lent evidence within the 
range of our map of the advanced denudation of these formations ai^the time of its outflow. 
The trap forming the summit of Jfimgarh is fully 800 ^feet thick, the top scarp of Molur 
rocks having an elevation of about 2,000 feet. At a distance of little over two hiiles, in the 
gorge west of Teter, the trap is at the lowest iWl. The fact of thera being no infratrap- 
pean deposits in such a position only shows that even then this must have been mi upland 
gorge. There is one mode of occurrence of the trap that suggests at first sight an opposite 
conclusion regarding the periods of denudation. The best case in point 1 noticed this season, 
about twelve miles to the east*norlh-east of Dolari : a very strong dike, traced lor several miles 
along the low ground, cuts straight up the west face of Kiftandeo hill atid forms a ridge on 
the summit. It is certain that when this occurred the whole of the present low ground 
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filled with rofk; but it is quite open to supposition that the filling rock was in great pint 
trap* The unquestionable fact, that the main Karbada valley itself, formed on the aoliUi by 
scarps of Mahadeva strata, is re-ezcavated out of the covering trap-formation — the floor of 
the valley being still of this rock at many places in front of the Mahadeva scarp— reraovea 
any apparent iihprobability in such a conjecture as that here made regarding the inner vallies 
of the basin and the pretrappeafi denudation of the Mahadeva formation. A just estimate 
of this Ibature is an important factor i^ our judgment upon the time- relations of the Maha- 
deva series, the top member of which is the Jabalpur (Bajmahal) group, in comparison with 
the Bagh series (cretaceous) in this region ; and also upon the distinction of the Deccan and 
Bajmahal trappean formations. 


QUABTZ-VEIirS AND FAULTS. 

The frequent occurrence of strong and continuous quartz-veins is perhaps the most pecu- 
liar feature of the southern zone of this rock-basin. Along the 
QuATtz-reins: composi on. northern margin, where the contortion of the strata is locally 
greater than here, I have not observed a single case of quartz-veining ; and in other basins 
of these formations the thing is almost unknown. There is, however, one marked feature of 
these veins thdb has long been familiar to us in many parts of India in metamorphic and 
transition rocks^^-a peculiar pseudomorphic structure, thin shining plates of pearly white 
quartz, either in parallel arrangement or confusedly entangled, with empty interstices. 1 do 
not recollect noticing this form in vein-stones of other countries ; hut in India it seems to 
he nearly universal. The fine lines on these shining plates have suggested that they may he 
after micaceoiqt iron. Stains of iron are common, but there are no signs of any other metal 
in these veins. There is often associated brccciated quartz. 


The whole rook was for long currently designated amongst us as * fault-rock.’ In highly 
contorted and altered strata, where this stone was most familiarly 
Not fottlt-rock. known, it is generally difficult to establish the fact of faulting ; but 

in these little disturbed and unaltered deposits tlio evidence is often complete. From many 
observations made in this field I can saji that this rock seems rather to shun a connec- 
tion with faults, as if they were related to opposite results of disturbing action— such as if 
faults occurred along lines of maximum compression and these veins along lines of tension. 
The vein forming the core of the ridge between the S6ki and Blioura streams is at least 
eight miles long, vaiying j&om one foot wide in the Talchir clays to six feet in the sandstones. 
In thtf masivc uiisU’atifiod clays vertical dislocation might not be detected, but there is little 
or no sign of crushing or rubbing alongside the vein, clear sections of which are abundantly 
exposed in the broken ridge south of Teter. In the sandstone it is qgji|j^ surprising how this 
fissuring of the rock and introduction of foreign matter does not even locally derange 
the moderate dip of the bed : an indurated shell of sandstone of variable width commonly 
adheres to the south face of the vein, to the rise of the dip ; and in this, as well as in the 
strips of rock enclosed 1^ the ramifications of the veinstone, the low northerly dip is uniformly 
undistiirbed. The best defined and most oontinuous of tho quartz-runs correspond with this 
deiot^tioil. The few cases where the quartz appears locally near the Dolari and Machna 
fhults wA^i be quoted on the other side ; hut besides that these spots are quite local /us com- 
pared with the length of those faults, it con generally be seen, as in the Tawa and the Phopis, 
ihst the quertz is located in broken dUures adjoining the fault, where no vertical displacement 
luMi OOeaZredf and dpes iMit represent what is properly designated by the term fault-rock ; it is 
veitiBtlone. One of the veins which have given rise to the group of sandstone 
ridgNl north-west of Bhdpur is seen on the path^ descending the Amdhdna goige to the 
soutk to w continuously into the gneiss as a oomb-v^dn one foot wide* 
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Th^ Bimoiure of some of these runs of ▼ein quartz is peealiar : the small Teins of which 

^ the reef is made up am not always coincident with the general direc* 

Peculiar local etractore. Qf Bhonra the component veins are 

nearly normal to the direction of the aggregate. In the Tawa above Temni the run of the 
quartz rib is east-west, while the veins composing it lie north-east, south-west. It is per- 
haps conceivable that * colliding* earthquake waves might setter the rock in this manner. 

The induration and metamorphism of the sandstone that occurs in connection with this 
infusion of quartz is sometimes remarkable, as it takes the form of 

Peculiar induration. felspathisation, the development of innate crystalline felspar. 1 
noticed this at the contact of the Lodadeo reef in the Tawa. It is important to find it in 
this connection, because the most marked case 1 found of this form of induration is not 
visibly connected with any veining. It is in the small hills on the Bhoura stream south- 
west of Band&bir. They are formed of sandstone having quite a granite-like hardness ; 
the porosity of the sandstone is not destroyed, nor is the earthy matrix quite obliterated ; 
but bright glassy facets of a felspar are disseminated, manifestly innate ; and it must hold 
the whole in an invisible bond to account for the peculiar hardness of the rock. 

The well-marked faults within the stratified series form another peenlipf feature of this 

Faults* rcgion. Wo are familiar enough with the word Tault* in the 

northern region, about Mohpani; but they would be correctly 
termed slips in comparison with the principal faults in the Sh&pur field, where top Barakars 
or even high Motur strata are brought into contact with middle or lower Talchirs ; in which 
cases the throw must be from 500 to 1,000 feet. 

"’Notwithstanding the dimensions of these faults, I cannot look upon t£em as anything 
but local features, not merely in the literal and obvious sense, but 
as connected with and determined by pre-existing local conditions. 
The Machna, north-east-south-west, fault runs with the crystalline range of Bhaorgarh ; but 
I cannot regard them as concomitant effects of elevating action. I ratlier connect the fault 
with a pre-existiug feature of thq basin of deposition, of which there seems to be cainciden t 
evidence in the marked change in the character 4)f the Talchir strata along that line. 

The only noteworthy instance in India of Barakar deposits occurring at a high elevation is 
on the continuation of these outcrops to the east, in the Bench valley. 
The case has been appealed to as a sufficient refutation of the ge- 
neral remark that the areas of Barakar deposition oorresppnd in a 
recognisable manner with the existing depressions of the peninsula. The objection, however, 
will not hold if it is shown that the apparent exception is due to local elevation ; and>th A 
seems every probability that such was the case. But for the great faults which set on to the 
eastward from Sh&pur, the coal-measures here would correspond in position with those in the 
Fencb. The fault which brings up the coal on the Bench river west of Chendia has, on the 
contrary, its upthrow to the north : here, too, the quartz veins keep clear of the fimlts. 

The structural features of this region offer a most tempting subject for study. I believe 
it will appear that the limitation of the sedimentai^ basin here is not in any important degree 
due to elevation from the south ; but rather that this present local stratigraphy is connected 
immldiately with pre-existing surface featjores. 


Local relations. 


Different throw in east and 
west. 


^ SuvxiBk, 

Although the foregoing details are reduced to the minimum required for any one 
who wottM carry on the investigations described, or even as evidence for any one ,wbp 
would study the questions discussed, each of which is marginally noted, it may .bcjtott 
briefly to point out what ConclusioniB or. opinions have been arrived at. 
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As to c^l : the only tangible and immediate prospect is, of course, where we are certain of 
the ooal-measnreB ; I think there is a good prospect of coal in the Shapur field ; if not in the 
Bonfida area, then further east, on the Tawa. 

Regarding those places where we are searching for the measures themselves, 1 can only 
say that there is a reasonable hope of finding them. In the central area, where the deep 
borings are being made, the chief risk is that the measures are out of reach. ' In the trials 
along the border of the basin the extra hope is that the measures, if there, have partaken in 
the extension and rise of the Talchir beds towards the northern outcrop ; the extra risk, that 
the boring may be outside the overlap. 

The prospect held out of coal on the lower Narbada is in some ways more precarious, 
the ground being so very far from any known occurrence of the coal-measures ; yet the 
countervailing suggestion of a probable original expansion of the measures towards the sea- 
board is not without weight ; and the presence of a rook that is known to overlie moat of the 
important coal-basins in India is no small encouragement. Considering the importance of a 
local supply in Western India, the chance ought not to be left untried. 


Note on coals bbcentlt found neab Moflono, Khasi Hills, hy F. R. Mallet, Esq. , 
^ Geological Survey of India. 

On the 19th April 1876, I visited the coal recently discovered near Umsaomat and at 
Dddum Hill. • * i 

Two spots were pointed out to me near Umsaomat, one about half a mile, and the other 
a mile south-east of the village. The coal at both these places is worthless, being shaly, and 
the seams only a foot thick. 


The following assays have been made of the Ddddm coal, and for comparison of that at 
M&obel4ka, the latter seam is that which for some time past has been worked for the supply 

of Shillong with fuel ; — n 

Ddddm Hill. 

M^belaka. 

Hygrroscople water ... ...* 

... GO 

3*4 

Volatile matter, esduaive of water 


39*6 

Fixed carbon 

37*8 

65*2 

^ Ash ... ... ... 

... 31’6 

1*8 


100*0 

1000 


The Maobel&ka coal was taken from the fresh working face of the quaiTy, while that 
from Uddfim was from the surface of the weathered outcrop. The latter coal would pro- 
bably be found considerably better a few feet in. ' The seam is three feet thick (the Maobe- 
Kka coal being 3' 0* to 4i Ql * ), but the. outcrop is at the foot of a perpendicular sandstone 
cliff 16 feet high, from the top of which the hill slopes back steeply for 30 or 40 feet 
more. The MU near the top of which the seam is situated appears to be equally steep 
all along the aouthem side, so that the coal could not be quarried. If sufficiently good in 
«the interior, however, and no better seams should be found in the neighbourhood, it might 
be ^i^rth ndulng m a amall scale, as ^ when the projected now road is completed, tke 
for carriage from Sddum to Shillong will be considerably greater than those from 
The roof Is ;':g0od and the seam horizontal, aqd a few miners could raise 
indBwkflil coal to .^iUoug, The chief difficulty in the way of opening such a mine 

, aalite supervision be the risk of explosions ^ it were not properly yentilaicd. 
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Jahrg. 1674, April to September, (1874), 8vo., Dresden. • 

The Isis Society. 

Dublin. — Journal of the Royal Geological Society of Ireland, New Series, Vol. lY, pt. 1, 
• • (1874), 8vo., Dublin. 

The Society. 

Edinbuboh. — Proceedings of the Royal Society of Edinburgh, Vol. VIII, No. 87, (1874), 
8vo., Edinburgh, 

The Society 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVII, pt. 2, (1874) 

4to., Edinburgh. 

Ditto. 

GLASGow.^Transactions of the Geological Society o# Glasgow, Vol. V, pt. 1, (1876), 8vo., 
Glasgow. • 

The Society. 

Lausanne.— Bulletin de la Socidtd Vaudoise des Sciences Natorelles, 2nd Series, Vol, XIII, 
No. 73, (1874), 8vo., Lausanne. 


The Society. 
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[VOt.- VIII. 


Titles of Books^ Bwwrs^ 

LivebfooIi. — A bsti'oot of the Proceedinps of the Lirerpool Geological Society, Scbsions I to 

f XY (1859-187'J»), 8vo., Liverpool. 

The Society. 

„ Proceedings of the Literary and Philosophical Society of Liverpool, Vol. XXVIII, 

(1874), 8vo., London. 

Ditto. 

LoNDOH.-— Museum . — A Guido Look to the Exhibition Eooms of the Departments 

of Natural History and Antiquities of the Biiti&h Museum 
(1874), 8vo., Loudon. 

The Bhitish Museum. 

„ „ Catalogue of the Birds in the British Museum, Vol. I (1874), 

8vo., London. 

Ditto. 

„ ,, GbjlT, De. J. E.— Hand List of Seals, Morses, Sea Lions, 

and Sea Bears in the British Museum (1871), 8vo , London. 

Ditto. 

„ JourfRSiof the Anthrojological Institute of Great Britain and Ireland, Vol. IV, 
No. 1 (1874), 8vo., London, 

„ Journal of the East India Associaiicpi, Vol. VI 11, No. 3, (1S75), 8vo., Lon.don. 

^ The Associ.vtjov. 

„ Proceedings of the Iloyal Geographical Society, Vol. XIX, Nos. 1—3, (1875), 
8vo., London. 

The Society. 

„ Proceedings of the Bo^^al Society of London, Vol. XXIII, Nos. 157—159, 
(1871), 8vo., Loudon. 

Ditto. 

„ Quarterly Journal of' the Geological Society of London, Vol. XXX, pt. V, 
No. 120, and Vol. XXXI, pt. I, No. 131, (1874 and 1875), 8vo., 
London, 

Ditto. 

Mahcuesteb. — Transactions of the Manchester Geological Society, Vol. XIIT, pts. 8 <fc 9, 
(1875), 8 VO., Manchester, 

The Society. 

Meldoubhe.— Smyth, H. B. — Geological Survey of Victoria. Report of Progress, No. II, 
(1875), 8 VO., Melbourne. 

• • The Survey. 

Moscou.— Bulletin de la Socidto Irap^^alo des Naiuralistcs do Moscou, Vol. XL VIII, No. 3, 
(1874), 8 VO., Moscou. 

The Society. 

„ Nouveaux Momoires de la Societd Impbriale des Naturalistes de Moscou, Vol. XIII, 
livr. 4, (1874), 4to., Moscou. 

Ditto, 

MCkchbit.— AblModhiigen dcr Math.— Phys. Classe der k. b. Akademiedcr WisBensehaften. 
Band XIMbth. 3, (1874), 4to., Miinebon. 

Thb Acadbht, 

Atuud^ dse, kdniglichen Sternwarte bei Miinohen, Band XX, (1874), 8 to. 
Jlunchen. " 


• Dnio. 



PART 3 .] 


Accessions to Library. 


91 


\ptles of Boohs. Donors. 

Munchen. — EelbnMETEB, Dr. Emil. — Ueber den Einfluss des Freiberrii Justus von 
Liebij? auf die •£iitwickcluil|i|^ der reinen cbemic, (1874), 4to., 
Mimclicn. 

^ The Academy. 

„ Sitziingsbericlite der Math.— Phys. Classe der k. b. Akademio der Wissenschaf- 
ten, heft. 2, (1874), 8vo., Miinchen. 

Ditto. 

J^ew Zealand. — Ninth Annual Report of the Colonial Museum and Laboratory, 1878-74, 
(1874), 8vo., New Zealand. 

The Geological Survey of New Zealand. 

Paris. — Bulletin do la Societd Geologique de France, 3rd Series, Vol. I, pp. 441— 63f5, 
Vol. II, No. 6, and Vol. Ill, Nos. 1 «fc 2, (1874-75), 8vo., Paris. 

The Society. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Vol. LXVIII, No. 6, and 
LXIX, Nos. 1 & 2, (1874-75), 8vo., Philadelphia. 

The Institute. 

„ Lyman, Theodore. — Commemorative notice of Agassiz, (1873), 

8vo., Philadelphia. 

0 American Academy of Arts and Sciences. 

Rome. — Bollettino R. Comitato Geologico d* Italia, Nos. 1 — 4, (1875), 8vo., Jtoma. 

The Geological Commission. 

Vienna.— Deukschrifton der k. Akad. der Wisscnschaften, Band XX^III, (1874), 4to., 
Wien. 

The Vienna Academy. 

„ Sitzungsberichte der k. k. AJeademie der Wissenschaften, Band LXVIII, Abth. T, 
heft 3 — 5, Abth. II, heft 3 — 5, and Abth. Ill, heft 1 — 5, 
Band LXIX, Abth. I, heft 1—3, Abth. II, heft. 1—3, (1874), 
8vo,, Vienna. 

Ditto. 

„ Jahrbuch der k. k. Geologischen Reichsanstalt, Band XXIV, No. 4, (1874), 8vo., 
• Vienna. 

The Institute. 

„ Verhandlungen der k. k. Geologischen Reichsanstalt, Nos. 16—18, (1874), 8vo., 
Vienna. 

- ^ Ditto. 

ZlittiCH. — AbhandluMgen der Schweizerischen palaontologischen Gesellschaft, Vol. I, (1874), 
4to., Zurich. 

,, Neue Denkschriften der Allgepeinen Schweizerischen Gesellschaft, Band XXV 
and XXyii;;,(i$, 73-74), 4to., Zurich. 

„ Vierte\jahrsschrift der Natat$>]:sohenden Gesellschaft in Zilnch^ Jahrg. XVIIX, 
heft 1—4, ;J^^^3), 8vo., Zurich. 

The Socibtt. 

„ Neujahrsblatt von der Naturfbrschenden Gesellschaft^ No. LXXVI, 

Zurich. • /« - 

Dmso, 







